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Abstract
The goal of this dissertation is to characterize the star formation history of
the young cluster NGC2264 using the unique observational capabilities of the
Spitzer Space Telescope. The motivation to conduct this study stems from the
fact that most stars are formed within clusters, so the formation and evolution
of the latter will effect the stellar mass distribution in the field. Detailed
observational studies of young stellar clusters are therefore crucial to provide
necessary constraints for theoretical models of cloud and cluster formation and
evolution. This study also addresses the evolution of circumstellar disks in
NGC2264; empirical knowledge of protoplanetary disk evolution is required for
the understanding of how planetary systems such as our own form. The first
result obtained from this study was both completely new and unexpected. A
dense region within NGC2264 was found to be teeming with bright 24µm Class I
protostars; these sources are embedded within dense submillimeter cores and
are spatially distributed along dense filamentary fingers of gas and dust that
radially converge on a B-type binary Class I source. This cluster of protostars
was baptized the “Spokes cluster” and its analysis provided further insight into
the role of thermal support during core formation, collapse and fragmentation.
The nearest neighbor projected separation distribution of these Class I sources
shows a characteristic spacing that is similar to the Jeans length for the region,
indicating that the dusty filaments may have undergone thermal fragmentation.
The submillimeter cores of the Spokes cluster were observed at 230GHz using the
SubMillimeter Array (SMA) and the resulting high resolution (∼1.3′′) continuum
observations revealed a dense grouping of 7 Class 0 sources embedded within a
particular core, D-MM1 (∼20′′×20′′). The compact sources have masses ranging
between 0.4M and 1.2M, and radii of ∼600AU. The mean separation of the
Class 0 sources within D-MM1 is considerably smaller than the characteristic
spacing between the Class I sources in the larger Spokes cluster and is consistent
with hierarchical thermal fragmentation of the dense molecular gas in this region.
The results obtained by the study of the Spokes cluster show that the spatial
substructuring of a cluster or subcluster is correlated with age, i.e., groupings of
very young protostars have clearly more concentrated and substructured spatial
distributions. The Spokes cluster could thus be one of several building blocks
of NGC2264, and will likely expand and disperse its members through the
surrounding region, adding to the rest of NGC2264’s stellar population.
xiii
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To further explore this scenario, I identified Pre-Main Sequence (PMS) disk-
bearing sources in the whole region of NGC2264, as surveyed by InfraRed Array
Camera (IRAC) analyzing both their spatial distributions and ages. Of the 1404
sources detected in all four IRAC bands, 116 sources were found to have anemic
IRAC disks and 217 sources were found to have thick IRAC disks; the disk
fraction was calculated to be 37.5%±6.3% and found to be a function of spectral
type, increasing for later type sources. I identified 4 candidate sources with
transition disks (disks with inner holes), as well as 6 sources with anemic inner
disks and thick outer disks that could be the immediate precursors of transition
disks. This is a relevant result for it suggests planet formation may be occurring
in the inner disk at very early ages. I found that the spatial distribution of the
disk-bearing sources was a function of both disk type and amount of reddening.
This spatial analysis enabled the identification of three groups of sources, namely,
(i) embedded (AV> 3 magnitudes) sources with thick disks, (ii) unembedded
sources with thick disks, and (iii) sources with anemic disks. The first group
was found to have a median age of 1Myr and its spatial distribution is highly
concentrated and substructured. The second group, (ii), has a median age of
2Myr and its spatial distribution is less concentrated and substructured than
group (i), but more than the group of sources with anemic disks – the spatial
distribution of this third group (age ≥ 2Myr) is not substructured and is more
distributed, showing no particular peak or concentration. The star formation
history of NGC2264 appears to be as follows: the northern region appears to
have undergone the first epoch or episode of star formation, while the second
epoch is currently occurring in the center (Spokes cluster) and south (near Allen’s
source).
Resumo
O objectivo desta dissertac¸a˜o e´ o estudo da histo´ria da formac¸a˜o estelar do exame
estelar jovem NGC2264, bem como a caracterizac¸a˜o da populac¸a˜o estelar da pre´-
sequeˆncia principal que possui discos circum-estelares. Este trabalho foi realizado
usando primariamente dados do telesco´pio espacial Spitzer, nomeadamente,
imagens obtidas com os detectores “InfraRed Array Camera (IRAC)” (filtros
centrados em 3.6µm, 4.5µm, 5.8µm, e 8µm) e “Multiband Imaging Photometer
for SIRTF (Spitzer) (MIPS)” (filtros centrados em 24µm, 70µm, e 160µm). A
capacidade observacional do Spitzer e´ u´nica, sendo o telesco´pio com a melhor
combinac¸a˜o de sensibilidade e resoluc¸a˜o espacial actualmente existente que
observa na janela espectral definida pelos comprimentos de onda 3.6µm e 160µm.
A motivac¸a˜o deste estudo resulta do facto de que a maior parte das estrelas nasce
em enxames estelares, pelo que a formac¸a˜o e evoluc¸a˜o de enxames determina
consequentemente a distribuic¸a˜o de masses estelares. Estudos observacionais
detalhados de enxames jovens sa˜o cruciais para desenvolver modelos teo´ricos que
descrevam a formac¸a˜o e evoluc¸a˜o de nuvens moleculares e enxames de uma forma
mais realista. O estudo de discos circum-estelares em NGC2264 fornece dados
emp´ıricos da evoluc¸a˜o de discos proto-planeta´rios que sa˜o igualmente necessa´rios
para a compreensa˜o de como sistemas planeta´rios, tal como o nosso, formam.
O primeiro resultado obtido neste trabalho doutoral, e um dos primeiros da
era Spitzer, foi completamento novo e inesperado. Descobrimos numa regia˜o
da nuvem molecular associada ao exame NGC2264 caracterizada por mate´ria
molecular densa (n ≈ 104 cm−3), um aglomerado ou sub-enxame rico em
proto-estrelas Class I. As proto-estrelas esta˜o embebidas em nu´cleos ou glo´bulos
submilime´tricos bastante densos (n ≈ 105 cm−3), e encontram-se distribu´ıdas
espacialmente ao longo de dedos filamentares de ga´s e poeira que convergem
numa fonte bina´ria de Class I de tipo espectral B (IRS 2). Este sub-enxame de
proto-estrelas Class I foi baptizado de enxame “Spokes”, e a sua ana´lise permitiu
compreender melhor o papel desempenhado pelo pressa˜o te´rmica durante a
formac¸a˜o, colapso, e fragmentac¸a˜o de filamentos e glo´bulos ou nu´cleos de ga´s
e poeira. A distribuic¸a˜o da distaˆncia (projectada) entre as proto-estrelas Class I
e as suas vizinhas mais pro´ximas e´ caracterizada por um espac¸amento (20′′±
5′′) que e´ semelhante ao comprimento de Jeans para a regia˜o (26′′), indicando
que os filamentos de poeira possam ter fragmentado por um processo em que
a pressa˜o te´rmica era dominante (comparada com a pressa˜o da turbuleˆncia ou
pressa˜o magne´tica) – fragmentac¸a˜o te´rmica.
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Os nu´cleos ou go´bulos submilme´tricos do enxame Spokes foram observados a uma
frequeˆncia de 230GHz usando o radiotelesco´pio interferome´trico “SubMillimeter
Array (SMA)”; as resultantes observac¸o˜es no cont´ınuo sa˜o de alta resoluc¸a˜o
(∼1.3′′) e revelaram um denso aglomerado de 7 fontes compactas embebidas num
particular nu´cleo ou glo´bulo designado de D-MM1 (∼20′′×20′′, n ≈ 106 cm−3).
As fontes compactas teˆm massas entre 0.4M e 1.2M, e diaˆmetros de
∼1200AU, e o seu estado evoluciona´rio corresponde ao de proto-estrelas Class 0.
A distaˆncia me´dia (projectada) entre as proto-estrelas Class 0 em D-MM1 (6.9′′)
e´ consideravelmente menor do que o espac¸amento caracter´ıstico entre as proto-
estrelas Class I do enxame Spokes, mas semelhante ao comprimento de Jeans para
D-MM1 (5.9′′); este resultado e´ indicativo de que possa ter havido fragmentac¸a˜o
te´rmica hiera´rquica do gas molecular denso no enxame Spokes. O estudo do
enxame Spokes mostra portanto que a sub-estruturac¸a˜o espacial de um exame
ou sub-enxame esta´ correlacionado com a idade das suas fontes, i.e., aglomerados
de proto-estrelas muito jovens teˆm claramente distribuic¸o˜es espaciais mais
concentradas e sub-estruturadas. O enxame Spokes podera´ ser desta forma um
de va´rios blocos construtores de NGC2264: ira´ expandir e dispersar os seus
membros pela regia˜o circundante, adicionando membros a` populac¸a˜o estelar ja´
existente. Para poder continuar a explorar este cena´rio, identifiquei a populac¸a˜o
de estrelas da pre´-seqeˆncia principal que teˆm discos circum-estelares em toda a
regia˜o de NGC2264 observada pelo IRAC, e analisei a sua estrutura espacial e
distribuic¸a˜o de idades. Os discos circum-estelares, ou proto-planeta´rios, foram
classificados em dois tipos de acordo com o declive, entre 3.6µm e 8µm, da
distribuic¸a˜o espectral de energia da respectiva fonte, αIRAC: discos espessos
teˆm -1.8 ≤ αIRAC < -0.5 e discos ane´micos teˆm -2.56 < αIRAC < -1.8 (fontes sem
disco IRAC sa˜o caracterizadas por αIRAC < -2.56). Das 1404 fontes detectadas
usando os quatros filtros do IRAC, 116 fontes teˆm discos ane´micos e 217
fontes teˆm discos espessos; a fracc¸a˜o de discos em NGC2264 calculada foi de
37.5%±6.3% e e´ func¸a˜o do tipo espectral: a fracc¸a˜o de discos circum-estelares
aumenta com a diminuic¸a˜o da massa estelar. A comparac¸a˜o da distribuic¸a˜o
espectral de energia mediana das fontes com discos espessos de NGC2264 com
a de um outro enxame jovem IC 348, mostra que fontes de tipos espectrais A-F
de NGC2264 teˆm discos com maior estrutura vertical, o que significa que existe
maior sedimentac¸a˜o dos gra˜os de poeira nos discos espessos das estrelas A-F de
IC348. Os discos espessos para fontes de menor massa de NGC2264 aparentam
ter a mesma distribuic¸a˜o vertical que os de IC 348. Ambas estas comparac¸o˜es
indicam que a sedimentac¸a˜o e´ maior para os discos em torno de estrelas de menor
massa em NGC2264. Este estudo de discos circum-estelares tambe´m permitiu
a identificac¸a˜o de discos transito´rios (i.e., discos com buraco interior), assim
designados pois sa˜o considerados estar num estado evolutivo entre discos proto-
planeta´rios e discos secunda´rios ou de “debris”. Foram encontrados 4 fontes
com poss´ıveis discos transito´rios (a auseˆncia de excesso de emissa˜o detectada
por IRAC traduz-se numa auseˆncia do disco interior), bem como 6 fontes com
discos interiores ane´micos e discos exteriores espessos (detectados por MIPS)
xvii
que podera˜o ser os percursores imediatos de discos transito´rios. Este e´ um
resultado relevante pois sugere que a formac¸a˜o planeta´ria podera´ estar a ocorrer
nos discos interiores de sistemas bastante jovens (< 2 milho˜es de anos). Para
pesquisar a histo´ria de formac¸a˜o estelar em NGC2264 utilizei va´rios me´todos
para analisar a distribuic¸a˜o espacial das fontes com discos usando dados
fotome´tricos complementares no infravermelho pro´ximo (J,H eKs). Esta ana´lise
permitiu conclu´ır que a distribuic¸a˜o espacial de fontes com discos e´ func¸a˜o
do tipo de disco (i.e., se o disco e´ ane´mico ou espesso) e da quantidade de
extinc¸a˜o sofrida (i.e., se a fonte esta´ embebida ou na˜o na nuvem molecular).
A ana´lisa deste distribuic¸a˜o espacial permitiu a identificac¸a˜o de treˆs grupos de
fontes, nomeadamente, (i) fontes embebidas (AV> 3 magnitudes) e que teˆm
discos espessos, (ii) fontes na˜o embebidas (AV≤ 3 magnitudes) e que teˆm discos
espessos, e (iii) fontes com discos ane´micos. Encontrou-se que o primeiro grupo
tem uma idade mediana de 1 milha˜o de anos e a sua distribuic¸a˜o espacial e´
altamente concentrada e sub-estruturada. O segundo grupo, (ii), tem uma idade
mediana de 2 milho˜es de anos e a sua distribuic¸a˜o espacial e´ menos concentrada
e apresenta menos sub-estruturac¸a˜o que o grupo (i), mas mais do que o grupo
de fontes com discos ane´micos – a distribuic¸a˜o espacial deste u´ltimo grupo
(idade ≥ 2 milho˜es de anos) na˜o apresenta sub-estruturac¸a˜o e e´ mais dispersa,
sem nenhum particular pico ou concentrac¸a˜o. A histo´ria da formac¸a˜o estelar
de NGC2264 aparenta ter ocorrido da seguinte forma: o primeiro episo´dio ou
e´poca de formac¸a˜o estelar deu-se no norte da nuvem molecular associada com
NGC2264, enquanto que o segundo episo´dio ou e´poca de formac¸a˜o estelar esteja
a correr no centro (onde se encontra o enxame Spokes) e no sul (perto da fonte
Allen) da nuvem.
Palavras chave:
formac¸a˜o estelar, nuvens moleculares, proto-estrelas, discos proto-planeta´rios,
enxame estelar NGC2264.

Chapter 1
Overview of star formation
Astrophysics is a story of the structure and evolution of complex objects.
Frank Shu
1.1 Molecular clouds: stellar nurseries
The InterStellar Medium (ISM) gas is mostly in the form of atomic Hydrogen, comprising
large tenuous clouds of about 10,000K. Hartmann et al. (2001) and Bergin et al. (2004)
suggested that large-scale flows in the this diffuse atomic medium compresses the cloud
until the column density is sufficient to shield the gas from the interstellar radiation
field. Molecular hydrogen, protected from dissociation effects, can thus be formed and
the cloud is now termed a molecular cloud. These molecular clouds have been mapped
by Dame et al. (2001, and references therein) using radio observations of CO, which is a
tracer of H2 (molecular Hydrogen is notoriously hard to detect since the molecule lacks a
permanent electric dipole moment). Spiral density waves ripple through our Milky Way
Galaxy, causing the aggregation and compression of molecular clouds along the spiral
arms; assemblies of complexes of molecular clouds along galactic spiral arms have also
been observed in other galaxies, e.g. M51 (Vogel et al. 1988). The inelasticity of the
molecular clouds enables them to coalesce when they collide, and so they gradually build
up in size until they grow massive enough to succumb to their self-gravity, eventually
collapsing and undergoing star formation.
Table 1.1 summarizes the physical properties of molecular clouds: these stellar
nurseries have a wide range in sizes, densities, and masses. At one end of the mass
spectrum there are the Giant Molecular Clouds (GMCs), where massive stellar clusters
are formed, while at the other end there are small dark globules immersed in H II regions,
which became known as Bok globules after Bart Bok drew attention to them (Bok &
Reilly 1947). Isolated low mass star formation occurs within these Bok globules, e.g., as
studied by Yun & Clemens (1990) and Moreira et al. (1999), and a more recent example of
this is the discovery of a very low mass protostar within the 2M globule L 1014 (Young
et al. 2004; Crapsi et al. 2005; Bourke et al. 2005; Huard et al. 2006).
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Radio spectral observations of NH3 in nearby dark clouds by Myers & Benson (1983)
showed that these massive clouds host dense cores, of similar size and mass as Bok
globules, that are probable stellar birthsites, i.e., prestellar cores. A cloud possessing
many prestellar cores will be forming an embedded cluster (Lada & Lada 2003, an
excellent review on embedded clusters). The majority of stars are found to form within
large clusters of more than 100 members (Porras et al. 2003), so understanding how these
dense cores are formed within Giant Molecular Cloud (GMC)s and dark clouds is a crucial
aspect of star formation theory, since it sets the initial conditions for star formation.
Molecular clouds are highly structured and we have yet to fully understand how clouds
fragment into filaments (such as those cataloged by Schneider & Elmegreen 1979) and
sheets or layers, and how relevant these geometrical configurations of the clouds are in
forming dense cores. Schneider & Elmegreen (1979) found that the filaments they studied
had within them embedded condensations and as such these filaments were referred to
thereafter as globular filaments. It is believed that fragmentation of globular filaments
could lead to the creation of isolated Bok globules (Schneider & Elmegreen 1979; Leung
et al. 1982).
Table 1.1 also shows how the bigger clouds tend to have higher velocity dispersions
than their smaller and less massive counterparts. This empirical relation, that relates a
turbulent or quiescent nature to the size of the cloud, is colloquially known as Larson’s
law after Larson (1981) first noticed it. The relation can be stated in a more quantitative
manner by the following equation:
∆Vnt = ∆V0
(
L
L0
)n
(1.1)
where ∆Vnt is the nonthermal component of the velocity dispersion of the cloud, n ≈
0.5, and where ∆V0 ≈ 1 km s−1 for L0=1pc (Stahler & Palla 2005). This relation has
also been observed in Bok globules (Leung et al. 1982). One of the issues being debated
presently is precisely how the larger scale turbulence is dissipated during the collapse
and fragmentation of the GMCs. The collapse and fragmentation of the GMCs is itself
controversial (reviewed in detail by Bergin & Tafalla 2007). The standard theory (e.g.
Mouschovias et al. 2006) is that the clouds are long lived (∼10Myr Blitz & Shu 1980),
their collapse is quasistatic and regulated by ambipolar-diffusion (Mestel & Spitzer 1956;
Myers & Goodman 1988a,b). In other words, the cloud is magnetically supported and
there is a neutron-ion drift where the ionized gas stays coupled with the magnetic field,
allowing the neutral gas to slowly collapse in a timescale tAD much greater than the free
fall time tff (gravitational collapse is described in more detail in § 1.2.3). This model also
states that star formation is a slow process, and predicts that molecular clouds survive
multiple star forming epochs, and as such large age spreads in cluster should be observable.
A recent opposing scenario states that the clouds are very dynamic, short-lived (3-5Myr)
(Elmegreen 2000; Hartmann et al. 2001), turbulence regulated transient objects, and
that star formation occurs very rapidly, within a crossing-time (tcrossing=L/∆V). This
latter scenario is supported by numerical simulations (e.g. Va´zquez-Semadeni et al. 2005,
and references therein) and by observations of young clusters (≤5Myr) whose parental
molecular clouds have already been completely destroyed (e.g., NGC2362, Moitinho et al.
2001; Dahm 2005).
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Returning to Equation 1.1, as the size of the cloud decreases, ∆V will eventually reach
the ambient thermal sound speed (Stahler & Palla 2005),
a =
√
kT
µmH
(1.2)
where µ is the mean molecular weight, 2.34 (Cox 2000), mH is the H atomic mass, k is
the Boltzmann constant, and T is the temperature. The size of the cloud is then given by
Lthermal =
kTL0
µmH∆V 20
= 0.1 pc
(
T
10K
)
(1.3)
Clouds of these sizes correspond to dense cores found within Dark clouds (Lynds 1962)
and GMCs, or to isolated Bok globules (Table 1.1), and, as mentioned above, it is in these
small, quiescent, dense, and cold objects that star formation occurs. I will briefly review
next, in section 1.2, the fragmentation of dark clouds (§ 1.2.1) into these cores (§ 1.2.2),
their collapse (§ 1.2.3), and the consequent formation of protostars (§ 1.3).
1.2 Gravitational instability and collapse
1.2.1 Jeans gravitational instability
Sir James Jeans analyzed the gravitational instability of an infinite homogeneous
gravitating system (Jeans 1929), an early study that helped gain some insight into the
collapse and fragmentation process of molecular clouds. Jeans considered this system to
be in equilibrium, which is a flawed assumption and became known as the Jeans swindle
(Binney & Tremaine 1987; Spitzer 1998). Nevertheless, it is still useful to review this work
since it defines two parameters, the Jeans length (λJeans) and the Jeans mass (MJeans), that
are currently widely used in the study of cloud stability (in observational research, such as
that found in this thesis, as well as in numerical simulations). Consider the hydrodynamic
equations describing a system:
ρ
d−→v
dt
=
−→
f −−→5P (1.4)
−→
f = −ρ−→5φ− 1
8pi
−→5B2 + 1
4pi
(
−→
B · −→5)−→B (1.5)
∂ρ
∂t
+
−→5 · (ρ−→v ) = 0 (1.6)
52φ = 4piGρ (1.7)
−→5 × (−→v ×−→B ) = ∂
−→
B
∂t
− 1
4piσ
52 −→B (1.8)
(1.9)
where ρ is the density of the medium, v is the velocity, P is the pressure, φ is the
gravitational potential,
−→
B is the magnetic field strength, and G is the gravitational
constant. Jeans assumed a homogeneous static medium, i.e., with a constant initial
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density (ρ0 = constant), constant initial pressure (P0 = constant), and with zero initial
velocity (−→v0 = 0), in the absence of a magnetic field, −→B = 0. By linearly perturbing this
system we obtain the following dispersion relation:
ω2 = a2(k2 − k2Jeans), k2Jeans =
4piGρ0
a2
(1.10)
where a is the isothermal sound speed given by a =
√
kT/(µmH). The wavenumber
kJeans = (2pi)/λJeans then gives the Jeans length:
λJeans =
√
pia2
Gρ0
(1.11)
If k is much larger than kJeans then the dispersion relation given by Equation 1.10 becomes
that of a sound wave ω2 = a2k2 (Binney & Tremaine 1987), however, if k is smaller than
kJeans then ω is imaginary, the solution is an exponentially growing and decaying mode,
and the system becomes unstable (Binney & Tremaine 1987; Hartmann 1998). In this
case, the larger scales collapse faster than the smaller scales.
The Jeans mass is the mass contained within a sphere of diameter λJeans
1 (Binney &
Tremaine 1987):
MJeans =
4piρ0
3
(
λJeans
2
)3
=
1
6
pi
(
pia2
G
)3/2
ρ
−1/2
0 (1.12)
Considering only thermal support against gravitational collapse, masses larger than MJeans
are unstable and will collapse and/or fragment, while masses smaller than MJeans are
stable. Equation 1.12 also states that higher temperatures correspond to bigger Jeans
masses, while higher densities correspond to smaller Jeans masses (fragmentation). Based
on the relation of the Jeans mass with density, Hoyle (1953) proposed a scenario of
hierarchical fragmentation, where the collapsing cloud kept fragmenting into smaller pieces
as the density kept increasing. However, as mentioned before, Equation 1.10 implies
that larger clouds collapse faster then smaller ones, which is in direct contradiction with
Hoyle’s hypothesis. As Larson (1985) puts it, “the overall collapse of the system tends
to overwhelm the collapse of finite-sized perturbations.” Hunter (1967) showed that the
collapse of uniform clouds does not generate fragmentation, so this paradox can be solved
if we change one of Jeans’ initial assumptions, and consider inhomogeneous systems. This
is a much more realistic scenario since molecular clouds possess considerable internal
structure.
1.2.2 The Bonnor-Ebert sphere
Another equally relevant work done on the study of gravitational instabilities of
gaseous systems, is that of Bonnor (1956) and Ebert (1955, 1957), who theorized on
the gravitational instability of isothermal gaseous spheres in hydrostatic equilibrium,
immersed in a pressurized medium (i.e., with a defined spatial boundary): these objects
1some authors consider the MJeans to be the mass contained in a cube of length λJeans (e.g. Hartmann
1998; Spitzer 1998). The difference between these two definitions reside in the coefficient: 1/6 for the
spherical MJeans and 1 for the cubic MJeans.
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became thenceforth known as Bonnor-Ebert spheres. The study of such objects is useful
because it can be applied directly to observed Bok globules, such as the starless Bok
globule Barnard 68 shown in Figure 1.1.
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Figure 1.1: Image and radial density profile of B 68, taken from Alves et al. (20 1). Left:
Optical color composite image of the globule B 68, where blue corresponds to B-band
data, green corresponds to V-band data, and red corresponds to I-band data. These data
were acquired at European Southern Observatory (ESO)’s Very Large Telescope (VLT).
Right: Measured radial density profile (black and red circles) with a best-fit Bonnor-Ebert
sphere overplotted in a black curve.
To find the equilibrium state of a Bonnor-Ebert sphere let us combine the Equation
of hydrostatic equilibrium
dP
dr
= −ρGM
r2
(1.13)
with the equation describing the mass contained in a shell,
dM
dr
= 4pir2ρ, (1.14)
which leads us to the mathematical description of a Bonnor-Ebert sphere, i.e., to the
isothermal Lane-Emden equation (Chandrasekhar 1967; Spitzer 1968):
1
ξ2
d
dξ
(
ξ2
dψ
sξ
)
= e−ψ, (1.15)
where ξ is the dimensionless radius given by
ξ ≡ r
√
4piGρc
a2
(1.16)
and r is the radius of the Bonnor-Ebert sphere, ρc is the central density, and ψ is the
logarithmic density contrast,
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ψ = − ln
(
ρ
ρc
)
. (1.17)
The corresponding boundary conditions are (Chandrasekhar 1967):
ψ(0) = 0 (1.18)[
dψ
dξ
]
ξ=0
= 0, (1.19)
which means that the density at the center of the Bonnor-Ebert sphere is finite (ρ(0) = ρc),
and continuous (dρ/dr = 0 at r = 0). Equation 1.15 has a family of solutions characterized
by the dimensionless outer radius ξmax. A particular solution is achieved when ξmax →∞
(Hartmann 1998; Stahler & Palla 2005):
ρ =
a2
2piG
r−2, (1.20)
corresponding to the Singular Isothermal Sphere (SIS). However, this solution does not
obey the boundary conditions given in Equations 1.18 and 1.19 because the central density
of the SIS is not finite.
The mass contained within a Bonnor-Ebert sphere is given by (Spitzer 1968):
MBE =
1√
4piρ0
(
kT
mG
)3/2
ξ2
dψ
dξ
(1.21)
and differs from the Jeans mass (Equation 1.12) by the value of the coefficient (factor of
∼ 2).
As mentioned above, a Bonnor-Ebert sphere is immersed in a pressurized medium,
i.e., it is a pressure confined sphere. This external pressure, Pext, is given by
Pext = a
2ρce
−ψ(ξmax). (1.22)
and has a maximum value for ξmax w6.5 (Spitzer 1968): for greater values of ξmax the
Bonnor-Ebert sphere will not have enough thermal pressure to balance the self-gravity and
the external pressure and will collapse, while for smaller values of ξmax the Bonnor-Ebert
sphere is stable. The gravitational stability of the Bonnor-Ebert sphere can therefore be
quantified using the parameter ξmax. Figure 1.2 shows density profiles of several Bonnor-
Ebert spheres with different ξmax, as well as a SIS. A critically stable Bonnor-Ebert sphere
(ξmax) has a center-to-edge density contrast of 14.3 (Spitzer 1968).
It is interesting to note that the outer edge of a Bonnor-Ebert sphere can be
approximated by that of a SIS (i.e., the density is proportional to r−2), irrespective of
the value of ξmax. Figure 1.2 also shows how more centrally concentrated Bonnor-Ebert
spheres are more gravitational unstable than those possessing a shallower density profiles.
Alves et al. (2001), using Near-InfraRed (NIR) extinction measurements, found that
B 68 (see Figure 1.1) is marginally stable since the best fit theoretical Bonnor-Ebert
sphere model to the radial density profile of the globule corresponds to ξmax = 6.9± 0.2.
Using a previously determined distance of 125 pc and a temperature of 16K for B 68,
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Figure 1.2: Density profiles of Bonnor-Ebert sphere characterized by varying ξmax and of
a SIS (diagram taken from Shu 1977). The more centrally concentrated Bonnor-Ebert
spheres have higher ξmax and are gravitationally unstable.
these authors were able to determine the mass (2.1M) and radius (12,500AU) of the
globule, as well as the value of the external pressure confining it (2.5 × 10−2 Pa). This
successful analysis has rendered the starless globule B 68 into the currently best known
example of a Bonnor-Ebert sphere; it also showed that physical properties, both of the
globule and of the medium it is immersed in, can be derived once a good Bonnor-Ebert
sphere fit is found. For example, a globule well described by a Bonnor-Ebert sphere and
that has an accurate temperature determination allows a very precise determination of its
distance! Lai (2003) re-observed B 68 obtaining NH3 (2,2) and (1,1) spectra, from which
they derived a kinetic temperature of 11K. Using a modified Bonnor-Ebert sphere model,
where they incorporated turbulent and magnetic support, they re-calculated the distance
to the globule as being ∼95 pc and its mass to be ∼1M.
The Bonnor-Ebert sphere model has also been used to study the protostellar collapse
candidate Bok globule B 335 by (Harvey et al. 2001). They find that a Bonnor-
Ebert sphere with ξmax = 12.5 ± 2.6 describes B 335’s radial density profile very
well, indicating that the globule is gravitationally unstable if only thermal support is
considered. Interferometric millimeter continuum observations of this globule, capable of
resolving regions smaller than 100AU, have revealed a circumstellar disk of a protostar
(Harvey et al. 2003), confirming that the globule is indeed collapsing and undergoing star
formation.
Besides B 68 and B335, other Bok globules have been studied using the Bonnor-Ebert
sphere theoretical model, such as the 14 globules whose gravitational stabilities were
analyzed by Kandori et al. (2005). These authors find that globules undergoing star
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formation have density profiles characteristic of unstable Bonnor-Ebert spheres, while
the majority of the starless globules are classified as gravitationally stable. Some of the
starless globules are found to be unstable, implying that they could be collapsing if there
are no other means to balance the external pressure and the self-gravity, such as magnetic
or turbulent pressures.
This kind of gravitational stability analysis using the Bonnor-Ebert sphere model can
also be applied to dense cores found within dark clouds. In this situation, the “Bonnor-
Ebert sphere” is being confined by the pressure of the surrounding molecular material
in the cloud, in a similar fashion as the Bok globules are confined by the pressure from
the H II region in which they are located. The difference between these two cases resides
mainly in the fact that the Bok globules have well determined sizes, while the cores in
the dark clouds “blend” in with the surrounding material, making it harder to set a
radial boundary for the Bonnor-Ebert sphere analysis. ?) applied the Bonnor-Ebert
sphere stability tool in their study of Coalsack Globule 2, which is embedded in the larger
Coalsack complex. From their NIR data and using the same kind of extinction analysis
as Alves et al. (2001), they found that Coalsack G2 is in fact a ring-like structure, that
has an outer density radial profile that can be described by a stable Bonnor-Ebert sphere.
They concluded that the globule is in the process of imploding since there is no support in
the inner part of the ring-like structure against self-gravity, i.e., that Coalsack G2 might
be a Bok globule being formed.
1.2.3 Gravitational collapse
The previous two subsections gave a brief overview on how clouds can depart from
an equilibrium state, either through gravitational instability that results from density
perturbations (Jeans theory § 1.2.1), or because their mass or external pressure exceeds
what can be supported against self-gravity by internal thermal pressure (unstable Bonnor-
Ebert sphere § 1.2.2). Once a cloud has departed from an equilibrium state it will begin
to collapse.
Consider a collapsing uniform sphere (i.e., with constant density), initially at rest,
and with no support against gravitational collapse other than thermal support (i.e., in
the absence of magnetic fields, rotation, or turbulence). The free-fall collapse of a shell
of this sphere, with an initial radius r0 and initial density ρ0, will be described by the
equation of motion (Spitzer 1998; Hartmann 1998):
d2r
dt2
= −GM
r2
= −4piGρ0r
3
0
3r2
(1.23)
whereM is the mass contained inside the shell of radius r; the mass will be constant if the
shells do not cross each other during the collapse. Resolving this equation by multiplying
it by dr/dt and then integrating, will lead to the free-fall time, tff , equation:
tff =
√
3pi
32Gρ
. (1.24)
The absence of a density gradient implies that the shells will reach the center of collapse
all at the same time. This is, in a sense, a similar result to that obtained by Jeans’
gravitational instability argument, where an initial constant density was also assumed, and
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also lead to the simultaneous collapse of the entire system (Jeans swindle). The constant
density assumption is, however, not very realistic since cores and globules are observed to
be centrally peaked and described by Bonnor-Ebert spheres (see § 1.2.2). Assuming that
the density varies with the radius, ρ(r), equation 1.24 will now imply that the inner shells
of higher density will collapse faster than the lower density outer shells (Spitzer 1998;
Larson 1973, 2003). This non-homologous collapse of a centrally peaked core or globule
is therefore termed an inside-out collapse. The core or globule will increase its density
contrast as it collapses and if we were to take snapshots in time of a collapsing sphere,
its density profile could be described by successive Bonnor-Ebert spheres of increasing
ξmax. Since the outer part of a Bonnor-Ebert sphere has a density profile that goes as
r−2, the collapsing core will also have a density profile that asymptotically approaches
r−2 as long as it remains isothermal and the flow subsonic (Bodenheimer & Sweigart 1968).
We have been using the assumption that the cores and globules are isothermal, and
that their collapse will also remain isothermal. Besides simplifying the theoretical problem
at hand, this condition is a good approximation of the real physical conditions for these
objects. A qualitative explanation for why the isothermal assumption is a valid one
follows. The density of gas starts to increase as the core begins to collapse, leading to
an increase in the atomic and molecular line emission that will become more efficient
in cooling the gas in the core. During the collapse, the gas will reach a stage where it
can no longer be efficiently cooled by line emission, and will then become coupled to the
dust. The temperature is now regulated by the dust emission that keeps it from rising,
at least until the core becomes optically thick. By then, the density has increased by
several orders of magnitude (ρ = 1010 cm−3), while the temperature remained practically
constant, with values between 6K and 12K (Larson 2003, and references therein).
Returning to the discussion on the gravitational collapse of cores, Larson (1969) and
Penston (1969a) performed early numerical calculations to quantitatively describe the
dynamical evolution of a collapsing isothermal uniform sphere, initially at rest. These
two studies independently derived similarity collapse solutions2, prior to protostellar
formation, which became known as the Larson-Penston self-similar solutions. Later,
Hunter (1977) extended the Larson-Penston solutions to after the protostellar formation,
showing that after the protostar is formed, the inner part of the core enters a free-fall
collapse. The Larson-Penston solutions, shown in Figure 1.3, describe the outer part of
the collapsing sphere as having a density distribution that goes as ρ ∝ r−2, and an inner
part with ρ ∝ r−3/2 (Mac Low & Klessen 2004). Comparison of this figure with Figure
1.2 shows, as mentioned before, that indeed the outer part of a collapsing sphere has a
radial density profile that resembles that of an increasingly unstable Bonnor-Ebert sphere
(in hydrostatic equilibrium). This has an important implication: the measurement of
the radial density profile of a core is not sufficient to determine if the core is in unstable
hydrodynamical equilibrium or if it is already collapsing, since both cases may present
the same density profile.
Shu (1977) also developed similarity solutions to describe the infall of a collapsing
core, but instead of considering an initially uniform sphere as Larson (1969) and Penston
2A similarity or self-similar solution is one where dimensionless variables are used to parametrize
motion (Shu 1991; Hartmann 1998).
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Figure 1.3: Example of a Larson-Penston solution (diagram taken from Silk & Suto
1988). The density profiles ρ(r, t) are represented by solid lines, while the mass M(r, t) is
represented by dashed lines, and ti corresponds to the initial time.
(1969b) did, Shu (1977) considered a SIS as the initial configuration for his analysis (see
equation 1.20). This choice might have been motivated by the fact that Shu (1977) was
studying the collapse of a cloud core after a protostar is formed, whereas Larson (1969) and
Penston (1969b) were attempting to describe the collapse of a core prior to protostellar
formation. Hunter (1977) extended this analysis of similarity solutions for core collapse
and found that both of these previous sets of solutions can be extended to the collapse
flow prior as well as to a phase posterior to protostellar formation, as already mentioned
above.
According to Shu (1977), the inside-out collapse of the core, after protostellar
formation, will trigger an expansion-wave that travels at the speed of sound into a medium
at rest and leaves the inner part of the core in free-fall. The Shu expansion-wave solution
describes the density as scaling with the same power-law dependence as the Larson-
Penston solution: ρ ∝ r−2 for the static outer part of the sphere, and ρ ∝ r−3/2 for the
central inner part in free-fall collapse. The difference between these two sets of solutions is
in the predicted infall rates, collapse timescales, and final mass of the protostar. Hunter
(1977) showed that the instability of the initial configuration is related to the rate of
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Model Larson-Penston Shu
phase (t < 0) (t > 0) (t < 0) (t > 0)
Density ρ ∝ (r2 + r20)−1 ρ ∝ r−3/2, r → 0 ρ ∝ r2 ρ ∝ r−3/2, r 6 at
profile (r0 → 0, t→ 0−) ρ ∝ r−2, r →∞ SIS ρ ∝ r−2, r > at
Velocity v ∝ r/t, t→ 0− v ∝ r−1/2, r → 0 v ≡ 0 v ∝ r−1/2, r 6 at
profile v ≈ −3.3a, t→∞ v ≈ −3.3a, r →∞ v ≡ 0, r > at
Accretion M˙ = 47a3/G M˙ = 0.975a3/G
rate
Table 1.2: Comparison of the Larson-Penston and the Shu solutions (Mac Low & Klessen
2004). The phase t < 0 is prior to the formation of a hydrostatic core or protostar,
while the phase t > 0 corresponds to post-protostellar formation. The time t = 0 refers
to protostellar formation because it is when a finite mass is formed at the center of the
collapsing core, r = 0.
collapse, i.e., the more unstable the initial configuration then the more violent is the
collapse. The uniform sphere of Larson (1969) and Penston (1969b) is a highly unstable
configuration, and will consequently lead to highest accretion rates of the two sets of
solutions. Table 1.2 quantitatively compares the Larson-Penston and the Shu solutions.
Both of the previous solutions assume initial configurations of isothermal spheres
(Larson-Penston’s uniform sphere, and Shu’s SIS) that are not very physically plausible.
In order to obtain more realistic descriptions of the collapse of cores and better predictions
of infall rates and collapse timescales, Foster & Chevalier (1993) returned to the similarity
collapse problem - this time assuming that a critical Bonnor-Ebert sphere (ξmax = 6.5)
was collapsing. These authors find a collapse solution that is very similar to the Larson-
Penston one, however, if the sphere is large enough then the infall will resemble Shu’s
solution instead.
More recent studies have analyzed magnetically mediated star formation, including
rotational effects of the collapsing core (Shu et al. 1987). I will not digress further
on theoretical considerations of collapsing spheres as this dissertation work does not
directly apply or test collapse models. It was, however, necessary to briefly overview
the current understanding of core collapse since the observational work presented here
concerns prestellar as well as protostellar sources. The following section will overview the
observational properties of protostellar formation and evolution.
1.3 Protostellar and pre-main sequence phases
In this section a description of the different evolutionary stages of low mass (M∗ < 3M)
Young Stellar Objects (YSOs) is presented. It is based on observational evidence gathered
over more than two decades, using multiwavelength data, and spans the prestellar and
protostellar phases, as well as the later evolutionary phases before the star enters the
Zero Age Main Sequence (ZAMS), termed pre-main sequence phases. The widely used
classification scheme in the community was developed by Lada & Wilking (1984) and
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Lada (1987a), where the slope of the Spectral Energy Distribution (SED) between NIR
and Mid-InfraRed (MIR) wavelengths (traditionally from Ks-band to 25µm), α,
α =
d(λFλ)
dλ
(1.25)
is used to discriminate between protostellar and Pre-Main Sequence (PMS) stages of star
formation: Class I, Class II, and Class III. This observational scheme was complemented
by Andre´ et al. (1993) who introduced an earlier Class 0 stage. A graphical description
of these stages is depicted in Figure 1.4.
Although this empirical classification scheme may be discrete, the evolutionary
change between the different stages is continuous, therefore, it is not straightforward
to observationally classify sources that are transitioning from one stage to another.
Prestellar core
A prestellar core is an isothermal core (either embedded in a molecular cloud or a
Bok globule) that is undergoing gravitational collapse, but that has not yet formed any
central hydrostatic object. This initial collapse occurs fairly quickly because the core is
still transparent to radiation, however the opacity (τ) starts to increase as the density
of the core increases (τ ∝ ρ1/2, Spitzer 1998). The collapsing phase halts when the gas
becomes optically thick and the radiative cooling time is longer than the free-fall time
(Spitzer 1998). At this stage a central object has formed, with mass ∼ 5× 10−2 M and
radius of about 5AU (Stahler & Palla 2005). The temperature of the central object will
then begin to rise, until it reaches ≈2000K, which is when molecular hydrogen begins to
dissociate (Mac Low & Klessen 2004, and references therein). The central object will then
begin to rapidly collapse again until the molecular dissociation is complete (the released
gravitation energy is absorbed by the dissociation process). At this stage, a hydrostatic
core – the Class 0 protostar that will be described next – is formed.
These cores are observed at millimeter and submillimeter wavelengths (continuum
observations where dust emission is detected, or spectroscopic observations of molecular
lines), as shown in the corresponding SED in Figure 1.4. Examples of prestellar cores are
those found in the Ophiuchus molecular cloud by Motte et al. (1998) or those studied by
Kirk et al. (2007) in the Perseus molecular cloud. Teixeira et al. (2005) presents results
pertaining to cores within the Lupus 3 cloud that may be prestellar cores.
Class 0 protostar
A hydrostatic core, or protostar, is formed and is surrounded by a dense circumstellar
envelope (of radius 103-104AU) that is accreting from the surrounding material of the core
that is infalling. The envelope becomes the reservoir from which the protostar will feed
on: the protostar has a very small fraction of the total stellar mass with which the star
will enter the Main Sequence (MS) (Menv M∗), so it still needs to accrete practically all
the final stellar mass. This embryonic stellar phase is thus mostly one of (mass) growth.
Infalling material of sufficiently large angular momentum falls onto a disk and then spirals
onto the protostar.
Class 0 sources have very low values of Lbol/Lsubmm with the SED peaking at millimeter
wavelengths, and have ages of ∼ 104 yr. The Class 0 classification was first used by
Andre´ et al. (1993) after these authors observed the ρ Oph A cloud core at submillimeter
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Figure 1.4: Diagram depicting observational evolutionary phases of YSOs, from pre-stellar
cores (to protostars) to Classical T-Tauri Stars (CTTS). (Figure taken from Andre´ 1994).
wavelength and realized that a particular source, VLA1623, showed characteristics in-
between those of Class I sources (described next) and prestellar cores (described above).
Curiously, the radial density profile of VLA1623 measured by Andre´ et al. (1993) is ρ ∝
r−1/2, which is shallower than the profile predicted from the collapse solutions presented in
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§ 1.2.3, ρ ∝ r−2 or ρ ∝ r−3/2 for the outer and inner part of a collapsing core, respectively.
This Class 0 protostellar phase is also characterized by mass-loss via energetic bipolar
jets and molecular outflows. The latter are highly collimated (e.g. Bontemps et al. 1996;
Margulis et al. 1990), with small opening angles (Arce & Sargent 2006); these outflows and
associated jets are likely powered by protostellar disk accretion (Cabrit et al. 1990). The
outflows and jets help eliminate the angular momentum of the parent cloud (Bodenheimer
1991). The jets, moving at supersonic speeds into the surrounding ISM, generate shocked
(knotted) material in the neighboring medium which can be detected by Hα and other
Balmer lines, as well as by some forbidden optical emission lines3 such as [S II], [N II],
[Fe II], [O I], [O II], and [O III]. The shocked material is commonly termed a Herbig-Haro
object or flow, after Herbig (1950), Herbig (1951), Haro (1952), and Haro (1953) first
identified them in the Taurus and Orion star-forming regions. One of the regions studied
in this dissertation, NGC2264, harbors several Herbig-Haro objects (Reipurth et al. 2004).
In Chapter 5 I will present submillimeter observations of a micro-cluster of Class 0 sources
in NGC2264.
Class I protostar
By this stage the envelope mass has decreased substantially due to both protostellar
accretion and mass loss through molecular outflows. Class I protostars are characterized
by driving broader outflows (Bontemps et al. 1996; Arce & Sargent 2006). These have
carved out a good part of the envelope (e.g. Ybarra et al. 2006), dispersing it, so that by
now the protostellar mass is greater than the envelope mass, Menv M∗. Depending on
the orientation of the system, the protostar may be visible in optical and NIR wavelengths
(e.g., near face-on or along the outflow direction), and the envelope cavity carved out by
the outflow may be seen in scattered light (e.g. Padgett et al. 1999). The optical depth
of the system is reduced (as the envelope is dissipated), so its emerging SED (see Figure
1.4) is now peaking at shorter infrared wavelengths and is characterized by a rising (or
flat) slope, α > 0. The protostar’s luminosity is derived mostly from accretion processes
(M˙ ∼ 106M yr−1, White et al. 2007) and its bolometric temperature4 in this phase
has been modeled by Myers et al. (1998) to be 200K < Tbol < 600K. Sources in
this evolutionary phase have ages of ∼ 105 yr. Infrared spectra of Class I sources reveal
deep and broad (amorphous) silicate absorption features between 10µm and 11µm (e.g.
Kessler-Silacci et al. 2005), indicative of a cold and dense envelope of dust.
The end of the this phase marks the end of the protostellar phases and the beginning
of the PMS phases. Having practically acquired all its final mass, the source has reached
its peak luminosity during this Class I phase (Myers et al. 1998); its luminosity will now
begin to decrease as the source contracts along the Hayashi track towards the MS in the
Hertszprung-Russell (H-R) diagram (Hertzprung 1905; Russell 1914). The location of this
transitional point in the H-R diagram for low mass sources is known as the birthline, first
defined by Stahler (1983).
Chapter 4 discusses the Spokes cluster in NGC2264 that has a relatively high number
of Class I sources.
3forbidden emission lines are those generated in relatively low density mediums.
4temperature of a blackbody with the same average wavelength as the SED.
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Class II pre-main sequence source
PMS stars are called either T Tauri stars (Joy 1945; Bertout 1989) or Herbig AeBe
stars (Herbig 1960), depending on whether they have either M∗ ≤ 2.5M or M∗ > 2.5M,
respectively. I will not digress on the observational properties of HAeBes, but focus instead
on the lower mass sources. The T Tauri stars are divided further into Classical T-Tauri
Stars (CTTS) and Weak-lined T Tauri Stars (WTTS), which belong to the Class II and
Class III evolutionary phases, respectively. Henceforth I will use the terms Class II source
and CTTS (or Class III source and WTTS) interchangeably.
The molecular outflows associated with Class II sources have very wide-angle lobes
(Bontemps et al. 1996; Arce & Sargent 2006) and are much less energetic than during their
Class 0 or Class I phases; jets and Herbig-Haro objects are also observed in association
with CTTS. These sources begin to become optically revealed, as the protostellar outflow
cleared away the remnant parental molecular cloud. Class II sources no longer possess
envelopes but have retained their optically thick circumstellar disks - these are also termed
protoplanetary disks since it is believed that planets begin to form during this stage.
Although Class II sources already have the bulk of the mass with which the star will
enter the MS, disk accretion still proceeds (Hartmann et al. 1997), albeit at a much lower
rate (107M yr−1 > M˙ > 10−10M yr−1, Gullbring et al. 1998). CTTS are defined
as having broad Hα emission lines, typically with equivalent widths ≥ 10 A˚. Their Hα
lines are characterized by either an inverse P Cygni line profile (implying accretion is still
occurring) or a P Cygni line profile (during mass-loss episodes): CTTS are photometrically
and spectroscopically variable stars. The variability is thought to originate in sporadic
accretion events (example of extreme cases are FU Ori outbursts, Hartmann 1998), so a
single observed epoch of Hα emission lines may not be sufficient to reliably classify them
as CTTSs because the emission line intensity and shape changes. The variability has also
been observed over a wide wavelength range, from X-ray to the infrared, with timescales
that range from minutes to decades (Appenzeller & Mundt 1989).
The spectra of CTTS also show strong emission lines from Ca II (3933 A˚ and 3968 A˚),
iron, as well as the forbidden lines [O I] and [S II] (thought to originate in the lower
density stellar winds). Absorption lines of lithium are also observed. Another important
spectroscopic feature is found in MIR wavelengths: silicate emission at 9.7µm and at
18.5µm (e.g. Kessler-Silacci et al. 2006). The circumstellar disks will emit in the NIR
and MIR due to both re-processing of the irradiating stellar flux and due to accretion
processes (Beckwith 1999), as shown by Figure 1.4. It is precisely in the disk where the
(mostly crystalline but sometimes also amorphous) silicate emission arises, where dust is
heated to temperatures of more than 300K. The SED of CTTS frequently also present
ultraviolet excess emission.
The Class II SED is characterized by a negative α slope, which Lada (1987a) had
initially defined to be within 0 and -2. In recent work, Lada et al. (2006) and Muench
et al. (2007) have redefined the values for α for Class II sources with optically thick disks
to −1.8 < αIRAC < 0, by using the InfraRed Array Camera (IRAC) camera onboard the
Spitzer Space Telescope to study the young cluster IC 348.
The first PMS population to be identified was in NGC2264, an important discovery
published in the classical paper by Walker (1956) presenting optical spectroscopic and
photometric data. Figure 1.5 shows the H-R diagram of this population: sources with
color (B-V) 6 0 (corresponding to stars of spectral type A and earlier) are placed on the
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Figure 1.5: Optical color-magnitude diagram of NGC2264 (diagram taken from Walker
1956). The curved solid line represents the main sequence and the straight solid line
represents the giant branch. The photoelectric data is represented by filled circles while
photographic data is represented by open circles. Finally, vertical and horizontal line
correspond to variable and strong Hα emitting stars, respectively.
MS, while the lower mass sources, identified as T Tauri stars, are located above (i.e., with
higher luminosities) and to the left (i.e., with higher temperatures) of the MS. Walker
(1956) interpreted this diagram as evidence that T Tauri stars are very young and still
contracting (along the Hayashi track) onto the ZAMS.
Part III of this dissertation will present results based on data obtained from Spitzer
observations and discuss in detail aspects of the Class II population in NGC2264, as
described below in § 1.4.
Class III pre-main sequence source
Class III are post-accretion but still PMS sources. This final evolutionary phase is
observationally characterized by a SED dominated by a naked stellar photosphere: the
protoplanetary disk has been almost completely dispersed (Mdisk ∼ MJupiter) and what
remains is a PMS star still contracting onto the MS, possibly harboring a forming or
already assembled planetary system. WTTS have narrow and weak Hα emission lines,
showing no indication of active accretion occurring. Lada et al. (2006) and Muench
et al. (2007) have named these optically thin disks anemic disks, and the SED slope is
−2.56 < αIRAC < −1.8 (sources with no warm circumstellar disks have αIRAC < −2.56).
Molecular outflows and jets are also non-existent at this point.
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WTTS with a small H! equivalent width consistent with stellar
chromospheric emission; the accretion rate in this system must
be extremely small, if present at all (Muzerolle et al. 2000). In
addition, the SED of CoKu Tau/4 is consistent with purely stel-
lar photospheric emission at wavelengths kP 8 "m (Forrest
et al. 2004). As discussed in x 2, there are uncertainties at the
!20% level in extrapolating the photospheric continuum from
shorter wavelengths to the IRS range; however, the spectral
slope at the short-wavelength end of the IRS spectrum is clearly
consistent with being purely photospheric, as are IRAC colors
of this object between 3.6 and 8 "m (L. Hartmann 2004, private
communication).
Thus, we model CoKu Tau/4 as a central star with the prop-
erties described in x 2 surrounded by an optically thick, truncated
disk with an inner wall at a radius Rwall. Inside this radius the disk
is optically thin; in x 3.4 we estimate the maximum amount of
dust in the inner hole or gap consistent with the spectrum. Out-
side Rwall there is a disk, which might contribute to the SED at
wavelengths longer than 25 "m. At R ¼ Rwall the disk receives
radiation frontally from the central star; as we detail in the fol-
lowing, the wall appears to be responsible for most, if not all, of
the excess emission detected by IRS.
3.1. Treatment of the Inner Disk ‘‘Wall’’
The wall is the transition between the inner optically thin disk
or gap and the outer disk. We assume that it is uniform in the
vertical direction and solve its radial structure. Closer to the star,
the wall has an optically thin atmosphere, and its radial optical
depth increases with radius. Figure 3 shows schematically the
structure of this wall.
The temperature distribution of the wall is calculated using the
procedure described by Calvet et al. (1991, hereafter CPMD91;
1992), which has been successfully applied to calculate the radial
structure of the wall at the dust sublimation radius in disks
around classical T Tauri stars by Muzerolle et al. (2003). Since
we relax some approximations made in previous papers, we
write the equations in detail.
We assume that the stellar radiation penetrates the wall with
an angle of zero between the incident direction and the normal
to the wall’s surface and that the radial thickness of its atmo-
sphere is negligible compared to its distance to the central star.
The incident radiation field is separated into two wavelength
ranges, one characteristic of the disk (related quantities have
subscript d ) and one characteristic of the incident stellar radi-
ation (quantities with subscript s). In order to find an analytical
solution for the wall radial distribution of temperature, we as-
sume that the opacities are constant in the wall atmosphere and
that scattering of stellar radiation is isotropic. We also assume
that there is no heating source other than the incident and scat-
tered stellar radiation. At every depth into the wall atmosphere
the net outward radial flux at the disk frequency range is equal
to the absorbed radiative flux at the stellar frequency range (see
CPMD91), i.e., the Eddington flux, Hd , is given by
Hd(#s) ¼ F0
4$
! 1þ C1ð Þe&#s þ C2e&%#s
! "
; ð1Þ
where ! ¼ 1& w, w is the mean albedo to the stellar radiation
(w ¼ &s='s), % ¼ (3! )1=2, F0 ¼ L'=4$R2wall, and #s is the total
mean optical depth to the stellar radiation in the incident di-
rection (i.e., along rays parallel to the disk midplane, perpen-
dicular to a cylindrical surface at R ¼ Rwall). The constants in
equation (1) are given by
C1 ¼ & 3w
1& % 2 ; ð2Þ
C2 ¼ 5w
% 1þ 2%=3ð Þ½ ) 1& % 2ð Þ : ð3Þ
Fig. 3.—Schematic representation of the truncated disk in CoKu Tau/4. [See
the electronic edition of the Journal for a color version of this figure.]
Fig. 2.—Spectral energy distribution of CoKu Tau/4 (squares: Strom et al.
1989; circles: 2MASS; IRS portion from Forrest et al. 2004) corrected using the
reddening law by Moneti et al. (2001) with AV ¼ 3, compared to the median
SED of classical T Tauri stars in Taurus (triangles and dashed line). The error
bars of the median points represent the quartiles (D’Alessio et al. 1999).We also
show a synthetic spectrum for the central star taken from Bruzual & Charlot
(1993) for T' ¼ 3720 K and R' ¼ 1:9 R*.
TRUNCATED DISK OF COKU TAU/4 463No. 1, 2005
Figure 1.6: SED of Coku Tau/4 (squares, circles, and solid curve) compared with the
median SED of a CTTS in Taurus (triangles and dashed curve) (image taken from
D’Alessio et al. 2005). The dotted curve corresponds to a synthetic spectrum for the
central star.
Figure 1.6 compares the SED of a Class III source in the Taurus-Auriga molecular
cloud, Coku Tau/4, with the median SED for Taurus-Auriga CTTSs or Class II sources
(D’Alessio et al. 1999). D’Alessio et al. (2005) modeled the SED of Coku Tau/4, a WTTS
of spectral type M1.5, ∼ 1Myr old, and found that it has a disk with an inner hole of
∼ 10AU. Although it has approximately the same age as the Class II sources in Taurus,
its disk is more clearly evolved since the inner region is cleared - this inner clearing could
be interpreted as an indication that planet formation is occurring. Infrared spectra of
Class III sources may also present silicate emission features, as is shown in Coku Tau/4’s
SED.
Optically visible Class II or Class III sources can be placed on H-R diagrams, in
the effective temperature vs. bolometric luminosity plane or in the color-magnitude
plane, and be compared with PMS evolutionary models to determine their masses and
ages. Currently, there exist several PMS isochrones or evolutionary models in use in the
literature, for example, Palla & Stahler (1993), D’Antona & Mazzitelli (1994), Swenson
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et al. (1994), Baraffe et al. (1998), or Siess et al. (2000). Comparison of different PMS
models shows that they do not entirely agree with each other, so assigning absolute ages
to a given source or young cluster is a task that demands great care. However, one can
use a single set of isochrones to determine the relative ages of sources - this is the precisely
the approach taken in the present research, where I use the Siess et al. (2000) models in
§ 6 to analyze the star formation history of NGC2264. This particular set of model was
chosen because it is simply the most recent one that is widely used, but any other of the
previously mentioned models is also perfectly suited to determine relative ages.
1.4 The aim and outline of this dissertation
In this thesis I present a two-fold contribution to the current pool of knowledge regarding
clustered low mass star formation, using the unique observational capabilities of the
Spitzer Space Telescope to study the young cluster NGC2264. The first governing
question underlying the work of this dissertation resides in the role played by thermal
physics in the collapse and fragmentation of filamentary clouds. The characterization
of the initial conditions for star formation is extremely important: these may constrain
several properties such as the evolution of circumstellar disks (and subsequently, planet
formation), the Initial Mass Function (IMF), and the evolution of clusters, for example.
I will address this first question in Chapters 4 and 5.
The second, or parallel, governing question of this dissertation concerns the star
formation history of NGC2264: did the molecular cloud undergo several epochs of star
formation? If so, how and when? Understanding how stellar clusters are formed and
emerge from their parental clouds can help us tackle the questions of molecular cloud
lifetimes, timescales for turbulent dissipation, and also address the universality of the
IMF. These latter issues are beyond the scope of this thesis, however the results obtained
here may provide a starting point for a detailed future study of the IMF of the region,
for example. Disk evolution is also addressed in the presented work. As shown in the
example of figure 1.6, disks of approximately the same age may be in different evolutionary
states so it is important to analyze other aspects that influence disk dissipation. Such
a study falls naturally within the scope of a star formation history analysis, since one
of the factors that may dictate a disk’s fate is its surrounding environment (e.g., as will
be described in chapter 2, SMon is photoevaporating a nearby disk.). Chapter 3 deals
with the acquisition and reduction of the Spitzer and FLoridA Multi-object Imaging NIR
Grism Observational Spectrometer (FLAMINGOS) data, it also presents the compilation
of existing optical spectroscopic and photometric data on NGC2264 available from the
literature. The results obtained from these data are given in chapters 6 and 7, including
spatial distributions, SEDs, and ages of Class II sources. The spatial distributions will
offer insight into the formation of the cluster and complement the age analysis of the
stellar population possessing circumstellar disks, while the SED analysis will characterize
the evolutions of the disks. I present my final remarks and conclusions in chapter 8, where
I also discuss other ongoing (and future) projects I am currently (and will be) involved
in.

Chapter 2
Background on NGC2264
The lights of the Christmas tree rose higher and higher, she saw them now
as stars in heaven...
Hans Christian Andersen
This chapter presents a short overview of the past research conducted on NGC2264,
outlining pertinent results as well as the overall current knowledge about this star forming
region.
First discovered by Friedrich Wilhelm (William) Herschel in 1784, NGC22641, at a
distance of ∼800 pc and located in the Monoceros constellation, is one of the classical
objects for deep sky observing among backyard astronomers, and its beauty rivals, and
may even surpass, that of other famous star forming regions such as the Orion Nebula
Cluster (ONC). The nebula associated with the cluster was also discovered by William
Herschel in 1785, and NGC2264 was cataloged as H27-5 and H5-8; it is also known
as GC14402, h 4013, Mel 494, Cr 1125, or C 0638+0996. The Monoceros constellation has
several molecular cloud complexes and stellar associations, two of which are the MonOB1
and the MonOB2 associations in the northen part. Figure 2.1 shows a schematic
representation of these associations, dark clouds, H II regions, reflection nebulae, and
clusters. NGC2264 is located at (α, δ)(J2000)=(06h41m, +09◦36′) (galactic coordinates
(lII , bII)(202.9,+2.2)), and belongs to the MonOB1 association and the Orion spiral arm.
The cluster lies 37 pc above the galactic plane (Pe´rez 1991) and on the northern edge of the
Monoceros Loop: a filamentary ring-like structure of clouds and young clusters that seems
to connect the southern part of MonOB1 to MonOB2. Davies (1963) first proposed that
the Monoceros Loop is a supernova remnant after observing it in the radio at 237MHz;
its non-thermal spectrum was later confirmed by Milne & Hill (1969) who mapped it
1A New General Catalogue of Nebulae and Clusters of Stars, being the Catalogue of the late Sir John
F.W. Herschel, Bart., revised, corrected, and enlarged.” (Dreyer J. L. E., 1888, Mem. R. Astron. Soc.,
49, 1-237)
2General Catalog, compiled by John Herschel in 1864, with an addendum by J.L.E. Dreyer 1877.
3Catalogs of John Herschel, 1833 and 1847.
4Philibert Jacques Melotte catalog of open star clusters, 1915.
5Per Collinder catalog of 471 open clusters, 1931
6International Astronomical Union (IAU) number
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Figure 2.1: Map of the northern Monoceros region showing the location of NGC2264
(image taken from Pe´rez 1991).
in 470 and 635MHz. Gebel & Shore (1972) calculated that the filamentary structure
has a dynamical expansion time of 3× 105 years and that the supernova remnant’s
(SNRG205.5+0.5) progenitor may have had a mass of 25 to 30M. A later study
placed SNRG205.5+0.5 at 1.6 kpc (Graham et al. 1982), meaning that it is in the vicinity
of the Rosette nebula in MonOB2, 1.4 kpc away, and is thus unrelated to NGC2264.
However, after examining 60 and 100µm InfraRed Astronomical Satellite (IRAS) images,
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Schwartz (1987) found that NGC2264 also lies on the eastern periphery of another ring-
like structure, in MonOB1; NGC2259, NGC2261, and IC 21697 are other clusters found
in this structure. The MonOB1 stellar loop, with a diameter of 2.5◦ and an age of ∼107
years, could be also a supernova remnant or an expanding shell of material created by
the stellar wind activity of a central cluster, Tr 5 (Blitz 1978). Both the Monoceros Loop
and the MonOB1 stellar loop structures are represented in Figure 2.1.
Figure 2.2 shows a color composite image, in the optical wavelength range, of
NGC2264. The data were taken in December of 2004 by an amateur astronomer, Michael
J. Chapa8, using the [S II] (red, 0.40µm), Hα (green, 0.66µm), and [O III] (blue, 0.51µm)
narrow-band filters. NGC2264 has an apparent angular diameter of 26′ and its optically
visible population of stars is positioned in front of the parental molecular cloud from
which they formed (and which is currently still spawning new cluster members). The
nebulosity surrounding the optical cluster is characterized by two particular features: a
dark triangular nebula termed the Cone nebula in the southern region and a nebula with
what appear to be undulating features termed the Fox-Fur nebula in the northwestern
part, identified in Figure 2.2. The asterism formed by NGC2264’s brightest members,
and the fact that the cluster is visible during winter months in the Northern hemisphere,
led the amateur astronomer Leland Copland in the 1920’s to start referring to NGC2264
as the “Christmas tree” cluster: the Cone nebula appears to be perched on the top of the
triangular formation of bright stars (just as a star would be placed on top of a Christmas
tree). This celestial Christmas tree presents more to astronomers than just gorgeous
images: it has slowly revealed over the decades many aspects of the star formation process,
such as those related to the formation and the effect that massive members have on their
surroundings, to the Pre-Main Sequence (PMS) lower mass population, to associated
outflows, and finally, those related to the study of the parental molecular cloud itself.
The most massive member of the cluster is SMonocerotis (SMon), also known as
15Monocerotis, HR24569, or HD4783910, a O7Ve (Walborn 1972) star that is located in
the northeastern part of NGC2264. Gies et al. (1993) discovered a binary companion to
SMon via speckle interferometry and spectroscopic observations; the authors found that
the binary period is 25 years, and the masses of the primary and secondary are ∼35M
and ∼19M, respectively. Follow-up work by Gies et al. (1997), using radial velocity
data and Hubble Space Telescope (HST) astrometric observations, confirmed the orbital
solution (24 year period) and revised the mass for the secondary star to ∼24M. These
calculations used a distance of 950 pc Perez et al. (1987) which is currently considered an
overestimate (a summary of the distance measurements to NGC2264 is presented further
below in this chapter). Dahm & Simon (2005) recalculated the masses of the primary and
secondary components of this binary, using the orbital parameters given by Gies et al.
(1997) and a distance of 800 pc, to be 18.1M and 13.5M, which they found to be
inconsistent with the spectral type of SMon. Further spectroscopic and high-resolution
7Index Catalog, published in 1895 and in 1908 by J.L.E. Dreyer
8http://www.chapaccd.com/deepsky/n2264narrow.html
9Harvard Revised bright star catalog, derived from the 1908 Revised Harvard Photometry catalog of
stars.
10Henry Draper Catalog, published in the period 1918 1924
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Figure 2.2: Optical image of NGC2264, where red, green, and blue corresponds to
[S II], Hα, and [O III] data, respectively. The brightest source is SMon, which is mainly
responsible for illuminating the Fox-fur nebula on its right, and the Cone nebula below, as
well as all the surrounding nebulosity. The image was obtained by M. Chapa (see text).
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imaging observations are therefore required to accurately determine the mass of the binary
and solve this discrepancy.
Sharpless (1959) listed NGC2264 as the H II region Sh 2-273 and also identified 10
B-type (B0 to B8) stars in the region. Later, the number of B-type stars known increased
by 7 (Morgan et al. 1965), and currently the OB-stellar population of NGC2264 is
estimated to have several dozen members (Dahm & Simon 2005). It is believed that the
radiative flux produced by SMon, along with that from the cluster’s B-type members,
is responsible for most of the ionization of the molecular material (seen in Balmer line
emission), in particular, for shaping the Fox-Fur and Cone nebulae mentioned above.
Recent work by Balog et al. (2006) also revealed that SMon has a devastating effect
on neighboring circumstellar disks: 24µm imaging, obtained with the Spitzer Space
Telescope, of a source located 1.3′ from SMon (0.3 pc or 64 800AU at a distance of
800 pc) shows a “cometary” tail extending ∼ 0.12 pc and pointing away from SMon.
These authors modeled the emission of the tail for different dust compositions of the
circumstellar disk and taking into account the radiative flux from SMon; they found that
the dust grains are very small (< 1µm) and are being destroyed at mass-loss rates of
3.4× 1010M yr−1 to 1.1× 10−7M yr−1. By comparing these rates with those predicted
by photoevaporation models, 1× 10−7M yr−1 to 6× 10−7M yr−1 at 0.3-0.1 pc from a
UV source (Richling & Yorke 1998; Yorke 2004), they conclude that SMon’s radiative
flux is indeed photoevaporating the disk (pushing the dust particles of the disk away via
photon pressure, as well as heating and ionizing the gas), albeit at a lower rate than
predicted.
The earliest “modern” studies of NGC2264 were carried out by Hubble (1920), Wolf
(1924) and W. Baade11 at optical wavelengths, these studies discovered more than 20
variable (faint or low mass) stars. Later, Herbig (1954) conducted an Hα survey on
NGC2264, identifying 84 Hα emitting stars and finding that at least 75% of the known
variables exhibited Hα emission; the variables are mostly T Tauri stars, except one that is
an Ae-type star. In what has thenceforth become known as a classical paper in the subject
of low mass star formation, Walker (1956) found that the NGC2264’s OB population was
placed on the Main Sequence (MS) in a H-R diagram, but that the T Tauri stars (variables,
Hα emitters, and sources with ultraviolet excess emission) were instead placed above the
MS. As already mentioned in § 1.3, sources located above the MS are found to be still
contracting. Later, Cohen & Kuhi (1979) spectroscopically confirmed the PMS nature of
the sources identified by Walker (1956).
The first proper motion study for NGC2264 was conducted by van Maanen (1930),
using plates obtained from the 60 in (1.5m) reflector at Mount Wilson (CA, U.S.A.) for a
10 year length span. This study was continued by Vasilevskis et al. (1965) who found that
there was a high membership probability for the PMS stars in NGC2264 identified by
Walker (1956) and by Viennot (1965), who found that the cluster was expanding. More
recently, Fu˝re´sz et al. (2006) conducted an Hα and radial velocity survey in NGC2264
and confirmed the high membership probability of 471 stars.
NGC2264 is a good target for optical studies, such as those monitoring the variability
of its sources, because a substantial number of its members are positioned in front of
11private communication to Herbig (Herbig 1954).
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the molecular cloud and have very low reddening values. Walker (1956) measured a
uniform optical color excess of E(B − V ) =0.082 magnitudes towards the OB members
of NGC2264, and other determinations of E(B − V ) for these stars have also produced
low values, for example, 0.06 magnitudes (Strom et al. 1971; Perez et al. 1987) and 0.07
magnitudes (Kwon & Lee 1983; Sung et al. 1997). On the other hand, the reddening
towards the lower mass members of NGC2264 is about a factor of 2 higher according to
Rebull et al. (2002): E(B − V ) =0.146±0.03 magnitudes. These reddening values can be
used to determine the visual extinction, AV, using the ratio of total to selective extinction,
RV , AV=RVE(B−V ). The diffuse ISM has a value of RV=3.05±0.15 (Whittet 2003) and
if the reddening law towards NGC2264 has the same behavior as in the rest of the ISM,
then the visual extinction of the OB stars varies between 0.19 and 0.25 magnitudes, and
is 0.44 magnitudes for the lower mass stars. Perez et al. (1987) measure an anomalous
extinction law for NGC2264 with RV=3.63 (implying a visual extinction of AV=0.22
magnitudes for the OB members). The ratio of total to selective extinction is empirically
determined from the slope of the extinction curve,
RV = −
[
E(λ− V )
E(B − V )
]
λ→0
, (2.1)
and different values of RV indicate different grain composition and sizes (Draine 2003):
higher RV values are found in denser clouds, where grain coagulation is occurring (e.g., ρ
Oph molecular cloud has RV=4.2, Whittet 2003). However, as Sung et al. (1997) points
out, the low value of E(B − V ) measured toward NGC2264 makes it difficult to reliably
determine RV , so it is uncertain if the extinction law is anomalous as Perez et al. (1987)
states.
The importance of knowing the extinction law resides in the fact that without it one
cannot determine the intrinsic colors of a star (in the absence of spectroscopic data) and
consequently cannot determine its distance. During the last decades several distances to
NGC2264 have been claimed, ranging from 700 to 1200 pc. Table 2.1 summarizes some
published distances, along with a short note on the method used to determine them;
the table is not meant to be an exhaustive or comprehensive listing of the distances
determined by all the groups that have studied NGC2264, but merely an indication of
the dispersion reported in the literature. The most common method for determining
the distance to NGC2264 is by fitting the OB members to the Zero Age Main Sequence
(ZAMS), however this method is dependent on both the dereddening and the ZAMS used
- this is precisely the reason why distances determined using this method may vary from
study to study, as shown in Table 2.1. Another method used to determine distances is
the spectrophotometric one: if one has spectroscopic data for the stars being studied then
one knows their intrinsic colors and can calculate directly the distance to each star, after
appropriately correcting for extinction. This method is similar to the variable extinction
method used by Sung et al. (e.g., 1997), where RV for the region and E(B−V ) measured
for each star gives the individual extinction for each star; these are then averaged to
determine the distance to the cluster.
The research I present in this dissertation uses an adopted value of 800 pc for the
distance to NGC2264, which is the median value of the distances reported in Table 2.1
and the value also used by several authors in their recent studies of the region (e.g., Dahm
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Figure 2.3: Schematic map of the neutral hydorgen (H I) clouds in the vicinity of
NGC2264, (Raimond 1964). The contours correspond to the half of the maximum
intensity. The image was taken from Viennot (1965).
& Simon 2005; Peretto et al. 2006).
As mentioned above, NGC2264 is associated with a molecular cloud, indicated both
on the schematic map of Figure 2.1 and by the nebulosity visible in Figure 2.2. I will
briefly summarize what is currently known about the cloud(s) in this region.
An early 21 cm survey of neutral hydrogen (H I) in the northern Monoceros region
revealed the presence of three clouds (Raimond 1964, 1966a,b), shown in Figure 2.3: b, f,
and f ’. The dark cloud associated with NGC2264 is located inbetween the H I clouds b
and f, where the lower density of H I is likely due to the formation of molecular hydrogen,
H2, (Pe´rez 1991). Raimond (1966b) measured the total H I mass for the entire MonOB1
region to be 1.8× 104M. Studies of ionized hydrogen (H II) were also carried out in
the 60’s by Gershberg & Metik (1960), who measured the density of the H II region in
NGC2264, using Hα photometry, to be 17 cm−3 and its mass to be 9.6M (for a distance
of 870 pc). Viennot (1965) found that there are two expanding OB stellar associations
in the bigger NGC2264 region, one of the groups being spatially coincident with the
NGC2264 cluster, H II region, and the dark cloud; they propose that the H I clouds f and
f ’ are associated with one of these groups, while cloud b is associated with the other.
Many molecular-line surveys have been carried out in this region – Table 2.2 shows a
representative summary of these studies. Crutcher et al. (1978) found that the molecular
cloud associated with NGC2264 is in fact a complex composed of six molecular clouds,
with velocities (VLSR) ranging between 4 km s
−1 and 10 km s−1, and having a total mass
of 2× 104M. Ridge et al. (2003) used the Five College Radio Astronomy Observatory
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Frequency Molecular line Reference
(GHz)
491.96840 H2CO (71,7-61,6) Schreyer et al. (1997)
345.79599 CO (3-2) Schreyer et al. (1997), Hedden et al. (2006)
342.88287 CS (7-6) Schreyer et al. (1997)
337.06110 C17O (3-2) Schreyer et al. (1997)
330.58796 13CO (3-2) Hedden et al. (2006)
267.55763 HCO+ (3-2) Williams & Garland (2002), Peretto et al. (2006)
260.25548 H13CO+ (3-2) Williams & Garland (2002), Peretto et al. (2006)
259.01180 H13CN (3-2) Schreyer et al. (1997)
244.93556 CS (5-4) Schreyer et al. (1997), Peretto et al. (2006)
241.90464 CH3OH (52-42) Schreyer et al. (1997)
241.01611 C34S (5-4) Peretto et al. (2006)
231.22100 13CS (5-4) Schreyer et al. (1997)
230.53800 CO (2-1) Wolf-Chase et al. (2003)
219.56035 C18O (2-1) Schreyer et al. (1997)
168.76276 H2S (11,0-10,1) Thaddeus et al. (1972)
146.96903 CS (3-2) Peretto et al. (2006)
144.61711 C34S (3-2) Peretto et al. (2006)
115.27120 CO (1-0) Crutcher et al. (1978), Blitz & Shu (1980), Sargent et al. (1984)
Margulis & Lada (1986), Pagani & Nguyen-Q-Rieu (1987)
Hedden et al. (2006)
110.20135 13CO (1-0) Crutcher et al. (1978), Blitz & Shu (1980), Sargent et al. (1984)
Pagani & Nguyen-Q-Rieu (1987), Ridge et al. (2003)
109.78217 C18O (1-0) Pagani & Nguyen-Q-Rieu (1987), Ridge et al. (2003)
99.29991 SO (32-21) Gottlieb & Ball (1973)
97.98095 CS (2-1) Zuckerman et al. (1972), Turner et al. (1973)
96.41296 C34S (2-1) Peretto et al. (2006)
93.17? N2H+ (1-0) Peretto et al. (2006)
91.98700 CH3CN (5-4) Schreyer et al. (1997)
89.18853 HCO+ (1-0) Peretto et al. (2006)
88.632?? HCN (1-0) Zuckerman et al. (1972), Gottlieb et al. (1975)
86.75433 H13CO+ (1-0) Peretto et al. (2006)
86.340??? H13CN (1-0) Gottlieb et al. (1975)
48.99096 CS (1-0) Turner et al. (1973)
4.82964 H2CO (11,0-11,1) Rickard et al. (1977)
0.02372 NH3(2-2) Mayer et al. (1973), Pagani & Nguyen-Q-Rieu (1987)
0.02369 NH3(1-1) Mayer et al. (1973), Pagani & Nguyen-Q-Rieu (1987)
Table 2.2: Representative summary of molecular-line observations towards NGC2264.
? Hyperfine structure spanning 6MHz,
?? hyperfine structure spanning 3MHz,
??? hyperfine structure spanning 4MHz.
(FCRAO) (MA, U.S.A.) to map the molecular complex in the 3mm wavelength spectral
lines 13CO (1-0) and C18O (1-0); they also identified a velocity gradient of 2 km s−1 in the
North-South direction. Figure 2.4 shows the 13CO and C18O integrated maps obtained
by Ridge et al. (2003).
Along with radio observations, many infrared observations have also been car-
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Figure 2.4: 13CO integrated intensity map, with C18O contours overlaid in red, of the
molecular cloud associated with NGC2264 (Ridge et al. 2003). The contours range from
0.5 to 5Kkm s−1 in steps of 0.325Kkm s−1.
ried out towards NGC2264. A particularly bright (120 Jy at 8µm) infrared source
(L100µm=1.6× 103 L, Harvey et al. 1977), located on the apex of the Cone Nebula,
was discovered by Allen (1972); thenceforth this Young Stellar Object (YSO) has been
referred to as “Allen’s source”. Sargent et al. (1984) conducted 70µm and 130µm surveys
of a 40′× 40′ area of NGC2264 using a 60 cm balloon-borne telescope; these observations
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Figure 2.5: The 13CO integrated map (Ridge et al. 2003) is displayed in gray scale (see
Figure 2.4), with two overlayed 13CO channel maps in contours: VLSR=10 km s
−1 in red
and VLSR=6km s
−1 in green. The bulk of the molecular cloud has VLSR between 4 km s−1
and 6 km s−1, with a clear separate component at 10 km s−1 that corresponds to the Fox
Fur Nebula (compare with Figure 2.2).
detected Allen’s source (IRS 1, Lbol=3.8× 103 L) and uncovered a new YSO to the north,
IRS 2, which was found to have a total luminosity of 1.8× 103 L. IRS 1 was observed by
Schreyer et al. (1997), who obtained extensive molecular line data (Table 2.2 only shows
a small sample of their observations); they measured abundances of sulfur and nitrogen-
bearing species and found that N2H
+ and N2 are particularly high when compared to
other YSOs.
Margulis & Lada (1986) conducted a 12CO (1-0) survey over the molecular cloud to
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search for high velocity gas (>10 km s−1) and discovered nine molecular outflows, three
of which were found to bipolar. These authors compared their data with that from the
IRAS telescope’s (launched in 1983) 12, 25, 60, and 100µm maps, and found that 2/3
of the 12CO molecular outflows could be associated with infrared sources. More recently,
Williams & Garland (2002) and Wolf-Chase et al. (2003) obtained continuum data of the
regions surrounding IRS 1 and IRS 2 in submillimeter (450µm and 850µm) and millimeter
(1.3mm) wavelengths using the James Clerk Maxwell Telescope (JCMT) and the National
Radio Astronomy Observatory (NRAO) 12m radiotelescopes. They found several clumps
that are either prestellar cores or cores harboring protostellar objects. Finally, Peretto
et al. (2006) carried out 1.3mm continuum observations of the IRS 1 and IRS 2 regions
with the 30m Instituto de RadioAstronomı´a Milime´trica (IRAM) radiotelescope and the
Plateau de Bure Interferometer (PdBI) and discovered additional cores (prestellar and
containing protostellar objects).
As detector technology improved, so have the opportunities for astronomers to probe
NGC2264’s molecular cloud complex in the infrared. The Spitzer Space Telescope, with
increased sensitivity and spatial resolution, has brought forth an exciting new era in the
study of star formation within molecular clouds. The following chapters will be presenting
results obtained using primarily data from this first-class telescope.
Chapter 3
Observations and data reduction
...
To lens, ’scope, rule.
Sewing bee, you could say:
They stitch high heaven together here,
Save scraps of the midnight sky. Compile, poll, pool.
One, matching star with star,
Learns that how bright can mean how far.
...
The Observatory Ode, Harvard 1978
John Frederick Nims
In this Chapter I will describe the acquisition and reduction of the data used in the
analysis of the star formation history of NGC2264. The data consists of NIR+MIR space-
based observations (§ 3.1 ), NIR ground-based observations (§ 3.3), and a compilation of
optical and X-ray datasets from previous studies (as described in § 3.4).
3.1 Spitzer IRAC data
NGC2264 was observed with IRAC as part of the Spitzer Guaranteed Time Observations
(GTO) program 37 (Fazio et al. 2004b). Initial results obtained from this data, reported
by Teixeira et al. (2006) and discussed in chapter § 4, concerns a clustering of deeply
embedded protostars within the Spokes cluster. The IRAC data were acquired in two
epochs seven months apart (March 6, 2004 and October 8, 2004), with two dithers at
each epoch to allow easy removal of asteroids and other transients. The total mosaicked
area corresponds to ∼ 0.7◦ × 1.2◦. The observations were performed in all IRAC bands
(centered at 3.6, 4.5, 5.8 and 8.0µm) using the 12 s IRAC High Dynamic Range mode
(HDR) mode, consisting of two consecutive exposures with 0.4 and 10.4 s integration time
at each dither position. Basic data reduction and calibration were done with the Spitzer
Science Center (SSC) pipeline, version S10.5. A final mosaic was created for each of
the two HDR exposures, using the SSC mosaic software the MOPEX (version 10/15/04),
resampling the individual images on a final pixel scale of 0.86267′′/pix (1/
√
2 of the original
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Figure 3.1: Color composite images of the NGC2264 cluster and molecular cloud
using IRAC Spitzer data. The color schemes (red, green, blue) correspond to
(8µm, 4.5µm, 3.6µm) data.
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Figure 3.2: Spatial derivative of the 8µm IRAC image of NGC2264 on the left panel.
The right panel shows zoomed in regions (a,b, and c) of the cluster, revealing the detailed
wisps of the nebulosity.
IRAC pixel scale) to have optimal point source registering at all IRAC bands. Cosmic
rays and other outliers were removed using MOPEX temporal outlier module, and the
diffuse background emission was matched between individual frames using the MOPEX
overlap correction module. The IRAC mosaics were built by Dr. Massimo Marengo.
The source extractor SExtractor software (Bertin & Arnouts 1996) was used to
generate a list of point sources for each wavelength. Some of the bright sources, such
as IRS 1 or Allen’s source, created diffraction spikes in the images and many false sources
were picked up in those areas by SExtractor. Figure 3.2 is the spatial derivative image
of the 8µm IRAC band image of NGC2264, built by Dr. Massimo Marengo during the
assemblage of the final IRAC mosaics, and exemplifies the difficulty in reliably detecting
sources (especially faint ones) in an automated way. The image shows where the steep
spatial gradients in 8µm emission are located: the stars are naturally identified, but the
nebulosity associated with the molecular cloud that varies quickly is also identified in the
image, either as shells (around IRS 2, image b, or at the vertex of the Cone nebula, image
c) or as edges of layers (image a). Unfortunately, SExtractor also erroneously detected
many sources along these thin filamentary structures - the majority of these false sources
were removed after meticulous visual inspection but to ensure none remained in the final
photometric catalog I used the requirement that a source had to be detected in at least
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Passband λeff Fλ,0
(µm) (Jy)
IRAC Band 1 3.550 280.9±4.1
IRAC Band 2 4.493 179.7±2.6
IRAC Band 3 5.731 115.0±1.7
IRAC Band 4 7.872 64.1±0.9
Table 3.1: Flux density zero points, Fλ,0, given for each IRAC passband of effective
wavelength λeff . The values were taken from the Spitzer IRAC Data Handbook V.3.0
(http://ssc.spitzer.caltech.edu/irac/dh/).
Band 1 Band 2 Band 3 Band 4
17.827341 17.335708 16.746671 15.929521
Table 3.2: IRAC zero point magnitudes.
two IRAC images to be considered real. It is important to note that due to the saturation
of IRS 1, many sources may have escaped detection and extraction by SExtractor.
Aperture photometry was performed on these detected sources using the Image
Reduction and Analysis Facility (IRAF) routine APPHOT, with an aperture radius of
2 native IRAC pixels (∼ 1.73′′), and a sky annulus of inner and outer radii of 2 and 6
native IRAC pixels, respectively. Since the images were re-sampled as mentioned above,
this corresponds to 2.8, 2.8 and 8.5 pixels. The zero points used are shown in table 3.3,
and were folded in with the aperture corrections giving the zero point magnitudes shown
in table 3.2 (given by Dr. Massimo Marengo). These were added to the instrumental
magnitudes to give the final photometry. IRAC band merging was performed using the
Interactive Data Language (IDL) function srcor1, where a matching radius of 1 pixel
was used. The saturated sources had their magnitudes replaced with those obtained
by the short exposure observations (0.4 s). The completeness limits for the final IRAC
photometry are 13.25 magnitudes for 3.6, 4.5, and 5.8µm-bands and 12.75 magnitudes
for the 8µm-band.
The photometry for sources detected in all four IRAC bands is presented in Table A.1
of Appendix A.
3.2 Spitzer MIPS data
The Multiband Imaging Photometer for SIRTF (Spitzer) (MIPS) (Rieke et al. 2004)
observations were conducted on 2004 March 16 using the scan map mode. Fourteen scan
legs of 0.75◦ length and 160′′ offsets were taken at medium speed. Total integration times
of 80 s per point and 40 s per point were obtained in the 24µm band and 70µm band,
respectively. We also obtained sparse coverage in the 160µm band, but most of those
data were saturated due to the extremely high backgrounds from the molecular cloud.
The 70µm data also turned out to be unusable due to saturation of the sources.
1from IDL Astronomy User’s Library: http://idlastro.gsfc.nasa.gov/homepage.html, adapted
from software from the Ultraviolet Imaging Telescope.
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Passband λeff Fλ,0
(µm) (Jy)
MIPS Band 1 23.68 7.14±0.08
Table 3.3: MIPS 24µm flux density zero points, taken from the MIPS Data Handbook
V.3.2.1 (http://ssc.spitzer.caltech.edu/mips/dh/)
The full map was centered at 6h40m55s +9◦37′08′′ with a position angle of 179◦.
These observations were processed with the MIPS Data Analysis Tool (DAT) (Gordon
et al. 2005) which produces calibrated mosaics of the mapped regions. Processing of
the resultant image products to obtain photometry was done using DAOPHOT and IDL
routines, using the zero flux calibration given in Table 3.3.
3.3 FLAMINGOS data
Deep NIR data was obtained with the FLAMINGOS2 (Elston 1998; Levine et al. 2006),
which was mounted on the Kitt Peak National Observatory (KPNO) (part of the National
Optical Astronomy Observatory (NOAO)) 2.1m telescope. The data is part of the
FLAMINGOS giant molecular cloud survey3. FLAMINGOS employs a 2048× 2048
HgCdTe HAWAII-2 infrared array with 18µm pixels. This corresponds to a plate scale
of 0.608′′ pixel−1 and a field of view of 20.5′×20.5 ′. Table 3.4 summarizes the observing
information for the fields acquired in NGC2264. The FLAMINGOS observations cover
an area of ≈ 0.3◦. The seeing varies in the dataset, at all wavelengths, from 0.9′′ to
≈1.5′′ Full Width at Half Maximum (FWHM). These observations were obtained by the
Florida team lead by Dr. Elizabeth Lada. The data reduction and photometry was
performed with custom FLAMINGOS data analysis and reduction pipelines within IRAF
by Dr. Andrea Stolte, who was at the University of Florida. A detailed description of
data reduction and photometry can be found in Muench et al. (2003) and Levine et al.
(2006).
Table 3.5 shows the Two Micron All Sky Survey (2MASS) zero points, which were
also used to calibrate the FLAMINGOS data.
Figure 3.3 shows a comparison between the deep FLAMINGOS and the 2MASS
(Skrutskie et al. 2006) photometry. As can be seen, some of the FLAMINGOS
sources have saturated photometry - the bright sources have FLAMINGOS photometry
systematically fainter than their corresponding 2MASS photometry. These saturated
sources therefore had their FLAMINGOS photometry replaced by 2MASS photometry.
The (conservative) saturation limits for FLAMINGOS derived from this comparison are
11.0, 11.5, and 12.0 magnitudes for J , H, and Ks, respectively, and are represented in
Figure 3.3 by vertical dashed lines.
The area covered in NGC2264 by the FLAMINGOS survey is smaller than that
covered by the IRAC observations: figure 3.4 shows the spatial coverage of these two
datasets. Consequently, I made use of 2MASS photometry to complete the NIR coverage
2see http://flamingos.astro.ufl.edu.
3NOAO Survey Program 2000B-0028: Towards a Complete Near-Infrared Spectroscopic Survey of
Giant Molecular Clouds (PI: E. Lada)
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Passband λ Fλ,0
(µm) (Jy)
J 1.235 1594±27.8
H 1.662 1024±20.0
Ks 2.159 666.8±12.5
Table 3.5: NIR JHKs flux density zero points. The values were taken from Cohen et al.
(2003b).
Figure 3.3: Comparison of FLAMINGOS and 2MASS photometry. The vertical dashed
lines mark the FLAMINGOS saturation limits (see text).
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Figure 3.4: Schematic representation of the spatial coverage of the IRAC and
FLAMINGOS observations (light and dark shaded ares, respectively), as well as Hα
surveys (dashed line, Dahm & Simon 2005; Fu˝re´sz et al. 2006), X-ray surveys (dash-
dotted line, Dahm & Simon 2005; Flaccomio et al. 2006a), and optical surveys (dotted
line) used in this dissertation (see § 3.4).
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Figure 3.5: Comparison of the photometric errors of the FLAMINGOS+2MASS J ,H,
and Ks passbands. The vertical dashed lines correspond to the completeness limits of
FLAMINGOS (see text) while the horizontal dotted line corresponds to a photometric
error of 0.1 magnitudes.
of the region observed by IRAC. The NIR is thus not uniform in depth, since the
FLAMINGOS data has completeness limits4 of 19.0, 18.0, and 17.5 magnitudes for the
J (1.25µm), H (1.65µm), and Ks-bands (2.162µm), respectively, while the shallower
2MASS data has corresponding completeness limits of 15.5, 14.5, and 13.5 magnitudes.
Henceforth, the NIR photometry is limited to data within the completeness limits.
Figure 3.5 shows the photometric errors for the combined FLAMINGOS+2MASS data.
The remainder of the analysis uses NIR photometry with errors less than 0.1 magnitudes.
The average differences between FLAMINGOS and 2MASS photometry in the J , H, and
Ks-bands are 0.031, 0.004, and 0.006 magnitudes, respectively.
3.4 Ancillary data
In order to build a more complete study of NGC2264, I make use of previously published
datasets, in particular the Ancillary Data Catalog (ADC) built by Rebull et al. (2006),
which is an extensive catalog of multiwavelength photometric and spectroscopic data of
4the completeness limit is given by the value immediately before the peak in the photometric histogram
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NGC2264.
Along with 2MASS JHKs (Skrutskie et al. 2006), another major dataset in the ADC
is that of Rebull et al. (2002), consisting of UBV RIJHK photometry for about 5600
stars and spectral observations for 400 stars located within a 45′× 45′ field in NGC2264.
The UBV (Johnson system) and RI (Cousins) optical data were acquired using the
0.76m McDonald Observatory, Texas (U.S.A.), in January 1997; the optical data were
calibrated using Landolt (1992) standard stars, and the astrometry is good to ± 1′′. The
JHK data were acquired using the Simultaneous Quad Infrared Imaging Device (SQIID)
camera mounted on the 1.3m telescope of the KPNO, Arizona (U.S.A.), in January 1993.
The astrometric accuracy of the NIR data is ± 2′′. The spectroscopic data was acquired
using the WIYN5 3.5m telescope and the Hydra fiber-optic echelle during 1996 and 1997;
they consist of spectra spanning the wavelength range 5000-9300 A˚ with a resolution of
R=1000 and were classified using the classification standards of Allen & Strom (1995)
and Kirkpatrick et al. (1991).
The ADC also contains data from Park et al. (2000), consisting of UBV RI and
Hα photometry for stars located within a 20.5′× 20.5′ field in NGC2264. The data
were acquired on November 1997 using the 1m telescope at Siding Spring Observatory
(Australia), and were calibrated to the South African Astronomical Observatory (SAAO)
UBV RI standard system.
Another dataset in the ADC is that of Lamm et al. (2004), which consists of V
(Johnson system) RI (Cousins system) and Hα observations obtained during December
2000, March 2001, October 2001, and March 2002 with the Wide Field Imager (WFI)
on the Max Planck Gesellschaft (MPG)/European Southern Observatory (ESO) 2.2m
telescope on La Silla (Chile). The area observed corresponds to 34′× 34′ and the
astrometric accuracy for these data is ± 1′′.
Rebull et al. (2006) also included data from Sung et al. (2004) in the ADC; these
authors obtained V RI (Johnson-Cousins) and Hα photometry on January 2001 with the
Canada-France-Hawai’i Telescope (CFHT) on top Mauna Kea, Hawai’i (U.S.A.). The
dataset covers an area of 43′× 80′.
The final dataset in the ADC corresponds to that of Dahm & Simon (2005)
which consists of optical, Hα, and NIR spectroscopic surveys, as well as a BV RI
photometric survey. The Hα spectroscopic data were obtained using the Wide Field Grism
Spectrograph (WFGS) at the University of Hawai’i (UH) 2.2m telescope on Mauna Kea,
Hawai’i (U.S.A.), between January 1990 and January 2003. The optical BV RI data were
also acquired at the UH 2.2m telescope, during December 2000 and January 2003, and
covered an area of approximately 7.5′× 7.5′ (1st epoch) and 9.5′× 9.5′ (2nd epoch). These
data were calibrated to the Landolt system. Optical spectroscopic data were obtained with
the Gemini Multi-Object Spectrographs (GMOS) for about 150 stars in NGC2264 during
December 2002 and January 2003; the spectral range covered was approximately 6000 A˚ to
8000 A˚, centered at 6750 A˚. Dahm & Simon (2005) also obtained NIR spectral data (0.8-
5.4µm, R∼ 1000-2000) for 25 sources during February 2003; these were acquired using
the Medium-Resolution Spectrograph and Imager SpeX on the National Aeronautics and
Space Administration (NASA) InfraRed Telescope Facility (IRTF).
I have added additional photometric and spectroscopic datasets to the ADC. One of
5The WIYN Observatory is a joint facility of the University of Wisconsin-Madison, Indiana University,
Yale University, and the NOAO.
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the additional datasets comprises the data on NGC2264 collected by Meyers-Rice (1995);
these consist of V RI photometry and optical spectroscopy. Spectra of 361 stars were
obtained in January 1993 using the Boller & Chivens spectrograph (3700 A˚ to 7000 A˚)
with the Steward Observatory 2.3m Bok telescope at the KPNO. A first set of imaging
data were acquired during November 1989 and January 1990 using the Bok telescope
and a 800× 800 pixel Charge-Coupled Device (CCD), and a second set was obtained in
December 1992 with the same telescope but with the Loral/Fairchild camera (2048× 2048;
the data obtained in the second set was binned to match the plate scale of the first
set). The photometric data were calibrated using the globular clusters NGC7790 and
NGC2419.
A recent X-ray study of NGC2264 was conducted by Flaccomio et al. (2006a) using the
Advanced CCD Imaging Spectrometer (ACIS) onboard the Chandra X-ray Observatory
(CXO). ACIS contains 10 planar, 1024× 1024 pixel CCDs, of which four are arranged in
a 2× 2 array (ACIS-I) used for imaging, and the remaining six are arranged in a 1× 6
array (ACIS-S) used either for imaging or as a grating readout. ACIS-I outputs a multi-
dimensional data cube consisting of the positions of the X-ray photons on the CCDs,
photon arrival times, and photon energies, which allows a spectrum to be built with an
energy resolution of∼ 5-10%. Flaccomio et al. (2006a) used ACIS-I to obtain imaging data
with a total integration time of 97 ks of NGC2264 during October 2002 (Observation ID
2540; General Observer proposal PI S. Sciortino). The area observed covers 17′× 17′ and
was centered on (α, δ)(J2000)=(06h40m58.7s, +09◦34′14′′), and resulted in the detection
of 420 sources. These authors measured the flux density, FX , of the 420 sources, as well
as column densities along the line of sight, nH , for 199 sources. The column densities were
determined by fitting the X-ray spectra of sources that had at least 50 photons detected.
These data were subsequently added to the ADC.
The final dataset added corresponds to that published by Fu˝re´sz et al. (2006). These
authors performed a radial velocity survey of NGC2264 by obtaining spectroscopic obser-
vations of 990 optically visible stars that were selected from the studies described above.
The data were obtained using the Hectochelle, mounted on the 6.5m Multiple Mirror
Telescope (MMT)6 in Mount Hopkins, Arizona (U.S.A). The Hectochelle (Szentgyorgyi
et al. 1998; Fabricant et al. 2004) is a fiber-fed echelle multiobject spectrograph; the
system has a robotic fiber positioner that places 240 fiber buttons within 5 minutes. The
fiber diameter is 250µm, which corresponds to ∼ 1.5′′ for the f/5, wide-field configuration
(170µmarcsec−1). These instrumental capabilities enable thus efficient spectroscopic
observations of a clustered region. The spectral resolution of Hectochelle is approximately
34 000, which allowed measurements of the radial velocities of the sources to within
1.5 km s−1. Fu˝re´sz et al. (2006) classified 471 stars as cluster members (according to
criteria based on their radial velocity and/or Hα line profile), of which 344 have well
determined radial velocities. I added to the final catalog the Hα equivalent linewidths for
these member sources, as well as their radial velocities as determined from this study.
Table 3.6 summarizes the zero points for the optical passbands.
6The MMT originally (1979) consisted of a hexagonal array of six 1.8m mirror telescopes that
combined yielded the same light gathering power as a single 4.5m primary mirror telescope. The MMT
was later (2000) converted to a single cast (monolithic) 6.5m primary mirror.
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Passband λeff Fλ,0
(µm) (Jy)
U 0.3745 1649±24.7
B 0.4481 4060±60.9
V 0.5423 3723±55.8
R 0.6441 3168±47.5
I 0.8071 2459±36.9
Table 3.6: Flux density zero points for the optical passbands, of effective wavelength λeff ,
in the ADCT˙he values were taken from Cohen et al. (2003a).
3.5 The final merged catalog
Building a catalog that contains all of the data described above, required several
intermediate steps, where the IRAC, MIPS, NIR, and ADC catalogs were merged two
by two using the IDL srcor routine and a 2.5′′ matching radius.
The IRAC photometric catalog consists of 14898 sources, detected in at least two
IRAC bands, while the NIR JHKs catalog has 20799 sources, also detected in at least
two NIR bands. It is important to note, that even though these sources are detected in at
least two IRAC or two NIR bands, they may still be false detections because NGC2264
is located within a very nebulous region that, as shown in figure 3.2, emits brightly at
infrared wavelengths and has sharp spatial variations. Furthermore, there are many small
jets surrounding the nascent stars in NGC2264 and the associated jet knots also get
extracted as erroneous point sources. It would be extremely time consuming to inspect
each detection individually, so I opted for leaving these contaminants in the catalog list
during the merging process, gradually weeding them out. The MIPS list of sources was
merged with this IRAC list, and 56 sources were found to have counterparts.
The IRAC+MIPS and NIR list of sources were merged, resulting in 9137 matches,
where the mean difference in the IRAC and NIR coordinates is 0.5′′±0.3′′. It is not
completely unexpected that 5671 IRAC sources were not found to have NIR counterparts:
this could be due to the aforementioned nebulosity problem and to the fact that deeply
embedded, very young sources are too faint to be detected in the NIR. This later argument
is particularly pertinent for the area of NGC2264 that was not covered by the deep
FLAMINGOS observations and only have NIR data from the 2MASS dataset (see figure
3.4).
An intermediate catalog consisting of these (IRAC+MIPS)+NIR matched sources,
along with the IRAC sources that were not found to have matches, i.e., 14898 sources,
was then merged with the ADC. The resulting number of matched sources is 7300, and
the mean difference in the IRAC and ADC coordinates is 0.6′′±0.3′′. Of the non-matched
7598 sources, 2766 of them are detected in IRAC and NIR bands, and the remaining 4832
are only detected in IRAC bands. These sources that were not found to have optical
counterparts may be embedded stars, extincted stars located behind the molecular cloud,
or, as mentioned before, nebulosity or jet knots.
The (IRAC+MIPS+NIR)+ADC matched sources, combined with the IRAC detec-
tions without optical counterparts, was then merged with the 420 X-ray sources from
Flaccomio et al. (2006b), where 352 sources were matched. The mean difference between
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the IRAC and the Chandra coordinates is 0.5′′±0.5′′.
Finally, the last intermediate catalog (IRAC+MIPS+NIR+ADC+X-ray) was merged
with the radial velocity survey of NGC2264 from Fu˝re´sz et al. (2006) that lists 990 sources.
The number of matched sources was 764; 264 out of the 272 candidate members selected
by Fu˝re´sz et al. (2006) were also matched. The mean difference between the IRAC and
the optical coordinates given by Fu˝re´sz et al. (2006) is 1.0′′±0.6′′.
The analysis I present in the remainder of this dissertation was done using a subset
of this final merged catalog: only sources that were detected in all four IRAC bands
were considered, and I will refer to this subset henceforth as the IRAC sample. This
conservative approach is meant to minimize the contaminants introduced in the catalog
by the pervasive nebulosity in the region and by the numerous knotted jets; the drawback
is that very red embedded sources, that are only detected in two or three of the longer
wavelength bands of IRAC, will not be included in the following results. The IRAC
sample has 1412 sources, all of them with IRAC and FLAMINGOS photometric errors
less than 0.1 magnitudes.

Chapter 4
The Spokes cluster in NGC2264
As scientists, don’t you think these charming regularities insist upon
teaching us something?
Jim Peebles
Identifying Primordial Substructure in NGC2264, Paula S. Teixeira, Charles J.
Lada, Erick T. Young, Massimo Marengo, August Muench, James Muzerolle, Nick Siegler,
George Rieke, Lee Hartmann, Thomas S. Megeath & Giovanni Fazio. The Astrophysical
Journal, 2006, Vol.636, Issue 1, pp. L45-L48.
4.1 Introduction
NGC2264 is an extended hierarchically structured young cluster (Lada & Lada 2003)
associated with a giant molecular cloud in the Monoceros OB1 complex and located
at a distance of 800 pc as adopted by Dahm & Simon (2005). The cluster is a very
well studied region (e.g. Herbig 1954; Walker 1954), displaying evidence of ongoing star
formation such as a plethora of molecular outflows (Margulis et al. 1988; Wolf-Chase et al.
2003) and Herbig-Haro objects (Reipurth et al. 2004). Luminous far infrared sources were
detected by the InfraRed Astronomical Satellite (IRAS), many of them being Class 0 and
Class I sources (Margulis et al. 1989). However a detailed study of the protostars in
NGC2264 was hampered by the limiting sensitivity and resolution of IRAS. The Spitzer
Space Telescope provides significantly higher resolution and sensitivity. We have thus re-
visited NGC2264 by surveying the cluster with both the InfraRed Array Camera (IRAC)
and the Multiband Imaging Photometer for SIRTF (Spitzer) (MIPS).
In this chapter I present initial results of a MIPS and IRAC survey of a very young
star forming region within NGC2264, originally observed in the infrared by Sargent et al.
(1984) and Schwartz et al. (1985). This particular region has been also observed at other
wavelengths, namely in the sub-millimeter (Williams & Garland 2002; Wolf-Chase et al.
2003) and millimeter (Peretto et al. 2006) (see § 2). These observations reveal several
filamentary structures extending from a central IRAS source, IRAS 06382+0939 or IRS 2
(also designated as IRAS 12 by Margulis et al. (1989)). Several sub-millimeter cores
(Williams & Garland 2002; Wolf-Chase et al. 2003) and starless millimeter cores (Peretto
47
48 CHAPTER 4. THE SPOKES CLUSTER IN NGC2264
Figure 4.1: False color image of the Spokes cluster constructed from MIPS 24µm (red),
IRAC 8.0µm (green), and IRAC 3.6µm (blue) data. The image shows unusual linear
spatial alignments of the brightest 24µm sources. The central saturated source is
IRAS 06382+0930 (IRAS 12).
et al. 2006) are identified within these filaments. We compare results obtained with our
Spitzer data with these sub-millimeter and millimeter observations in §4.2. Finally, we
discuss primordial cluster sub-structuring in this region of NGC2264 and compare these
results with those found for the Trapezium (Lada et al. 2004).
4.2 Results and analysis
Figure 4.1 shows a color composite image of the region in NGC2264 surrounding IRAS12,
which is the bright saturated source. The more extended nebulosity (green) in the image
corresponds to Polycyclic Aromatic Hydrocarbon (PAH) emission from the molecular
cloud at 7.6-8µm and detected in the IRAC 8µm band.
The brightest 24µm sources (red) form several linear structures that are not clearly
evident in the shorter wavelength data. The linear arrangements of the brightest 24µm
sources appear as arms extending from the brightest source, IRAS 12, resembling “spokes”
of a wheel. We therefore refer to this region as the “Spokes” cluster. We performed
two simple statistical tests to ascertain whether the linear spatial alignments of sources
could occur by chance. The first test consisted of examining 10,000 synthetic fields, with
randomly generated distributions of objects. Each field has the same number of objects
as the bright 24µm sources in the Spokes cluster. These fields were searched for linear
alignments that consist of 5 or more stars within a cone of an opening angle < 10◦ and
a length < 3′. The second test consisted of radially binning the bright 24µm sources,
using IRAS12 as the center, and comparing the average bin density with a Poissonian
distribution. Both tests yield a probability of 0.01-0.02% of finding an alignment of stars
like that observed in the Spokes cluster.
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To analyze the nature of the sources in the Spokes cluster we constructed Spectral
Energy Distribution (SED)s for all the sources in the selected field using Spitzer data.
We determined the spectral indices, αIRAC of those sources detected in all four IRAC
bands (3.6µm, 4.5µm, 5.8µm, and 8µm) by performing a linear fit to the IRAC flux
points in a log(λ) vs. log(λFλ) diagram, for each source. Identifying Class I objects
as sources with αIRAC> 0 (Lada 1987b), we estimate the total fraction of Class I 24µm
sources in the entire field to be 33%.
To better comprehend the spatial alignment of these protostars we examine sub-
millimeter observations by Wolf-Chase et al. (2003) which trace dust emission from dense
molecular gas. Figure 4.2 shows 850µm emission detected in the region (Wolf-Chase et al.
2003). The star symbols mark the positions of the bright 24µm sources and the symbol
sizes are proportional to the magnitudes of the sources. It is remarkable how well the
bright 24µm sources are aligned with the dusty filaments. The same result is obtained
when using the 450µm data, also from Wolf-Chase et al. (2003). The comparison with
the sub-millimeter data shows that the linear alignments have drawn our eye to filaments
of the interstellar medium that appear to be breaking up and forming stars in a very
regular pattern.
We compare the distribution of αIRAC for sources within the dusty filaments and for
sources in the surrounding region, using the 850µm 0.4 Jy/beam contour in Figure 4.2 as
the boundary separating these two regions. Figure 4.3 shows a histogram of the spectral
indices determined for both the 24µm sources within (solid line) and outside (dotted
line) this contour. The diagram in Figure 4.3 shows that there is a higher concentration
of Class I sources within the dusty filaments, as seen by comparing the median values of
αIRAC for both distributions: 0.1 for sources inside the filaments and -1.1 for the remaining
surrounding sources. The fraction of Class I 24µm sources within the dusty filaments is
59% whereas for outside the filaments it is 23%.
Not all the 24µm sources in the Spokes cluster have detections in all the IRAC bands.
Of these remaining sources that have at least 3 band (IRAC and MIPS) detections we
find 7 with rising infrared slopes. We list all the Class I sources that we identified within
the dusty filaments in Table 4.1, sorted by their 24µm magnitude. The spectral index
αIRAC is tabulated in column 4. We note that there are two 24µm sources within the
dusty filaments that have no IRAC counterpart, and as such we were not able to classify
them. These sources could also be very young protostars.
Recent millimeter observations by Peretto et al. (2006) identify 1.2mm emission peaks
in this region that we find are spatially coincident with 9-10 of the sources listed in
Table 11.
Finally, we analyse the spatial separations of the protostars in the Spokes cluster.
Figure 4.4 shows a histogram (solid line) of the nearest (projected) neighbor separations
between the brightest 24µm sources in the Spokes cluster. There is a clear peak in the
distribution corresponding to a separation of 20′′. The mean separation of sources in this
distribution is 26′′. By using Monte Carlo techniques, we generated 10,000 synthetic star
1specifically D-MM1, D-MM2, D-MM3, D-MM6, D-MM8, D-MM9, D-MM10, D-MM13, and D-MM15
from Peretto et al. (2006), corresponding to sources with # 4, 9, 7, 16, 5, 10, 15, 11, and 2, respectively.
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Figure 4.2: Comparison of the spatial locations of 24µm MIPS sources with dust emission
at 850µm (Submillimetre Common-User Bolometer Array (SCUBA) data courtesy from
Wolf-Chase et al. (2003)). The greyscale and contours represent the sub-millimeter dust
emission (contours range from 0 to 2 in steps of 0.1 Jy/beam), while the star symbols
mark the position of the sources detected at 24µm with MIPST˙he two squares mark the
positions of the two brightest 24µm sources (< 2 magnitudes). The sizes of the star and
box symbols are proportional to the magnitude of the sources (ranging from 2.0 to 6.0
magnitudes for the star symbols). The beam size for the 850µm data is indicated in the
lower right corner.
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Figure 4.3: Diagram of the distribution of spectral indices for sources detected at 24µm
within (solid line) the 850µm 0.4 Jy/beam contour (see Figure 4.2), and for the remaining
sources in the field (dotted line). The vertical solid line corresponds to the median of the
distribution of spectral indices of sources inside the contour, αIRAC=0.1, whereas the
vertical dotted line corresponds to the median of the distribution of spectral indices of
sources outside the contour, αIRAC=-1.1.
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Figure 4.4: Histogram of the nearest neighbour distances between the 24µm sources in
the Spokes cluster (solid line). We have restricted this sample to sources brighter than the
6th magnitude at 24µm. The dashed line histogram corresponds to the averaged nearest
neighbour distance distributions of 10,000 simulated fields populated with randomly
positioned stars (see text for details). The preferential separation between the observed
24µm sources is 20′′ ± 5′′.
fields of the same area and number of stars as in the observed field. The dashed-line
histogram in Figure 4.4 corresponds to the averaged nearest neighbor distributions of
these simulated fields. We calculated the probability of generating a field with the same
fraction of sources with nearest neighbor separations between 15′′ and 25′′ as in the Spokes
cluster field, i.e. 44.7%. The probability of finding a field with a 40% or greater fraction of
sources with those separations is 0.08%. The 20′′ peak is therefore very unlikely a random
feature.
Williams & Garland (2002) determined a mean density from their sub-millimeter
observations of 3×104 cm−3 for the dense gas in the Spokes cluster. Assuming a
temperature of 10K the corresponding Jeans length for this density is 0.1 pc or 26′′ at a
distance of 800 pc. This Jeans length agrees well with the separations we measure, possibly
indicating that the dense filaments have thermally fragmentated into quasi-equidistant
cores where the stars are now forming. This result is reminiscent of that found in the
Taurus clouds by Hartmann (2002).
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Table 4.1: Class I sources in the Spokes cluster dusty filaments
ID R.A. (J2000) DEC. (J2000) αIRAC m[24µm] (mag.)
1 06h41m02.8s +09◦36′16′′ ... 0.44
2 06h41m04.5s +09◦36′21′′ 2.33a 1.00
3 06h41m05.8s +09◦35′29′′ 0.52 2.20
4 06h41m05.6s +09◦34′08′′ 0.03b 2.21
5 06h41m01.8s +09◦34′34′′ 0.13 2.93
6 06h41m09.9s +09◦35′41′′ 2.36 2.94
7 06h41m04.3s +09◦34′59′′ 0.09 3.07
8 06h41m06.3s +09◦33′50′′ 1.36 3.33
9 06h41m06.5s +09◦35′54′′ 3.26b 3.42
10 06h41m06.8s +09◦33′35′′ 1.42c 3.54
11 06h41m08.6s +09◦35′42′′ 1.99b 3.87
12 06h40m58.0s +09◦36′40′′ 1.15 4.11
13 06h40m59.1s +09◦36′15′′ 0.65b 4.11
14 06h40m58.6s +09◦36′39′′ 1.23 4.19
15 06h41m07.7s +09◦34′19′′ 2.22 4.29
16 06h40m58.0s +09◦36′15′′ 0.12 6.77
17 06h41m04.5s +09◦33′44′′ 0.02 7.22
a αIRAC determined by fitting 3.6µm, 4.5µm, and 8.0µm
b αIRAC determined by fitting 4.5µm, 5.8µm, and 8.0µm
c αIRAC determined by fitting 5.8µm, 8.0µm, and 24µm
4.3 Discussion: On the primoridal substructure in
NGC2264
Our analysis of the Spitzer observations of NGC2264 leads us to conclude that we are
identifying the primordial substructure of this cluster. Bright 24µm sources, spatially
arranged in unusual linear patterns, were found to be lying along and within dense
fingers of molecular material with a spacing similar to that expected for simple Jeans
fragmentation. These sources are likely very young if we consider the short crossing times
of the associated sub-millimeter and millimeter cores suggested by Williams & Garland
(2002) of 0.5Myr and Peretto et al. (2006) of 0.63Myr, respectively. In fact, we find
the majority (∼60%) of these sources to be Class I sources and protostellar candidates,
suggesting that star formation in the Spokes cluster is occurring primarily within dense
filamentary molecular structures.
Primordial filamentary substructuring of this kind has also been found in the
Trapezium cluster, in Orion. Lada et al. (2004), by analyzing deep ground-based 3.4µm
observations of the Trapezium, find a deeply embedded population of young objects that
traces a filamentary molecular ridge lying behind the main cluster. The older, more
evolved foreground population in the Trapezium is distributed in a more dispersed manner
with an isothermal-like distribution. Similarly to the Trapezium, NGC2264 also exhibits
a somewhat older and more dispersed population near the Spokes cluster (Lada & Lada
2003). Williams & Garland (2002) observed H13CO+ emission lines and Peretto et al.
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(2006) observed N2H
+ lines toward the sub-millimeter and millimeter peaks in the Spokes
cluster, which they used to measure the core velocity dispersion and infer the virial mass
of the system. They find that the virial mass is less than the total gas and dust mass
enveloping the cluster. This means that the cores within the dusty filaments are currently
bound to the filaments. If the total stellar mass of the cluster is less than the total mass
of the dense gas in the filaments then the stellar group is destined to become unbound
if the surrounding gas and dust is rapidly dispersed. This situation suggests that after
star formation occurs in filamentary molecular fragments of the cloud, the more recently
formed stars eventually expand to merge with the older population as the cloud material
is rapidly cleared through outflows and jets, leading to the less structured distributions
of the overall population (Bonnell et al. 2003).
Finally, we find that the bright 24µm sources appear to have a preferential separation
between themselves of 20′′ +− 5
′′. This distance is in very good agreement with the Jeans
length, 26′′, corresponding to the mean density of the IRS-2 region determined byWilliams
& Garland (2002). It appears we are observing the result of the thermal fragmentation
of the dense filamentary material into quasi-equidistant star-forming cores. On the other
hand, turbulent motions appear to be present in this region: Peretto et al. (2006) find that
the millimeter peaks have velocity dispersions greater than the thermal sound speed for
molecular gas at 15K. Perhaps the dusty filaments may have formed through turbulent
motions of the cloud (Bonnell et al. 2003), then as the turbulence decayed the filaments
became thermalized and fragmented into star-forming cores. The newly formed stars
would generate outflows that re-energize the surrounding region, feeding turbulence back
into the cores and filaments and eventually disrupting the cloud. The positions of the
young protostars may be the only remaining indication that thermal pressure played an
important role in the formation of these objects.
Chapter 5
A micro-cluster of Class 0 sources
in NGC2264D-MM1
The true delight is in the finding out, rather than in the knowing.
Isaac Asimov
Spitzer and Magellan Observations of NGC2264: A Remarkable Star-
forming Core near IRS,2, Erick T. Young, Paula S. Teixeira, Charles J. Lada, James
Muzerolle, S. E. Persson, D. C. Murphy, Nick Siegler, Massimo Marengo, O. Krause &
A. K. Mainzer. The Astrophysical Journal, 2006, Vol. 642, Issue 2, pp. 972-978.
A Dense Micro-cluster of Class 0 Protostars in NGC2264D-MM1, Paula S.
Teixeira, Luis A. Zapata, & Charles J. Lada. The Astrophysical Journal Letters, 2007,
Vol. 667, pp. 179-182.
5.1 Introduction
There are numerous evidences of ongoing star forming activity in this cluster, such as
molecular outflows (Margulis et al. 1988; Wolf-Chase et al. 2003) and Herbig-Haro objects
(Reipurth et al. 2004). Margulis et al. (1989) identified luminous far infrared sources
with the InfraRed Astronomical Satellite (IRAS) many of them being Class 0 and Class I
objects, as summarized in § 2. Submillimeter observations of these sources by Williams
& Garland (2002,using the Henrich Hertz telescope), Wolf-Chase et al. (2003,using the
JCMT), and Peretto et al. (2006,using the IRAM 30m telescope) identified several dense
clumps embedded in dusty filamentary fingers of molecular material that radiated out
from IRAS12.
More recent observations using the Spitzer Space Telescope revealed that these clumps
contained bright 24µm Class 0/I sources and the clustering was named the Spokes cluster
due to its geometrical configuration, as discussed in the previous chapter. Using nearest
neighbor analysis, Teixeira et al. (2006) found that these protostars have a characteristic
spacing that corresponds to the Jeans length and are very likely tracing the primordial
substructure of the cluster. They interpret the regular spacing of the protostars as a fossil
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signature of thermal fragmentation. The most massive and densest of these submillimeter
cores, D-MM1 (also known as IRAS 12 S1) has 17M and a mean density of ∼106 cm−3
(Wolf-Chase et al. 2003; Peretto et al. 2006). HCO+ observations of D-MM1 by Williams
& Garland (2002) shows a deep red-shifted absorption indicating that it is collapsing at
a rate that Peretto et al. (2006) measured to be ∼0.1 km s−1. This source was originally
identified as a Class 0 object (Wolf-Chase et al. 2003) but near-infrared imaging using the
PANIC camera at the Magellan telescope, as well as Spitzer IRAC imaging found several
compact infrared sources associated with it (Young et al. 2006).
In this Chapter I present high angular SubMillimeter Array (SMA) observations of
the dusty core NGC2264D-MM1. Those interferometric observations resolved this core
into a dense micro-cluster of seven millimeter compact sources associated with young
Class I/0 objects. I describe our observations of these sources in Section § 5.2 and present
our results in Section § 5.3. Finally, I discuss our findings on the characterization of these
new millimeter sources in Section § 5.4.
5.2 Observations and data reduction
The observations were made with the SMA during 2005 December 25 in its “compact”
configuration, and 2006 February 5 and 10 in its “extended” configuration, with eight
antennas in both configurations.
The frequency was centered at 230.538GHz in the lower sideband, while the upper
sideband was centered at 220.538GHz. The primary-beam size (half-power beamwidth)
of the 6m diameter antennas at 230GHz is 54′′. The phase reference center of the field is
(α, δ)(J2000)=(06h41m06.45s, +09◦33′47.91′′).
The zenith opacity, (τ230GHz), measured with the NRAO tipping radiometer located
at the Caltech Submillimeter Observatory (CSO), varied between 0.03 to and 0.04 in the
extended configuration observation time, and in the compact configuration observation
time was very stable, having a value of 0.2.
The phase and amplitude calibrators were the quasars 0739+016 and 0530+135 with
measured flux densities of 2.82 ± 0.1 Jy and 0.84 ± 0.1 Jy, respectively. The uncertainty
in the flux scale is estimated to be 20%, based on the SMA monitoring of quasars.
Observations of Uranus provided the absolute scale for the flux density calibration.
Further technical descriptions of the SMA are found in Ho et al. (2004).
The data were calibrated using the IDL superset MIR1, based on the MMA software
developed for the Owens Valley Radio Observatory (OVRO) (Scoville et al. 1993)
which was adapted for the SMA. The calibrated data were imaged and analyzed in
the standard manner using the Multichannel Image Reconstruction Image Analysis and
Display (MIRIAD) package. We weighted the (u, v) data using the ROBUST parameter
of INVERT MIRIAD task set to 2, optimizing for a maximum sensitivity in the continuum
image. This option is recommended to achieve the largest signal-to-noise ratio possible,
although some angular resolution is sacrificed.
1The MIR cookbook, written by Chunhua Qi may be found at
http://cfa-www.harvard.edu/∼cqi/mircook.html
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Figure 5.1: Ks-band image of the micro-cluster in IRS2 S1 (Young et al. 2006) (left panel)
and Spitzer IRAC 8µm image of the micro-cluster in IRS 2 S1 (Young et al. 2006) (right
panel). The SMA continuum data is overlayed in black contours ranging from 15 to
35mJy in both panels. The ellipse in the lower right corner shows the Full Width Half
Power (FWHP) synthesized beam.
The synthesized beam had dimensions of 1.4′′ × 1.3′′ with a P.A. = 10.4◦. Finally, the
resulting continuum image rms noise was 3mJy.
5.3 Results
We detected seven compact millimeter sources whose peak fluxes exceeded 5 σ within the
core D-MM1. Figure 5.1 shows a panel of Near-InfraRed (NIR) and MIR images of the
core with the SMA sources overplotted (with contours). The Ks-band image, acquired by
Young et al. (2006) (0.125′′pixel−1), depicts emission in the vicinity of the SMA sources,
however this NIR emission is generally not pointlike (except for the source associated
with SMA-3) and may correspond to scattered light from a central protostar (similar to
what is seen, for example, from the Class 0 sources in L 1448, Tobin et al. 2007). The
Spitzer IRAC image (Teixeira et al. 2006) (1.2′′pixel−1), shows that SMA-1 and SMA-3
have MIR counterparts. The sources SMA-2, SMA-6 SMA-7 are also associated with
diffuse MIR emission (see Table 5.1). The sources detected in the Ks-band and the 8µm
images with no SMA counterparts have been identified as Class I sources by Young et al.
(2006) (sources 30, 33, 35, 44, 45, 49 in their paper).
In Table 5.2 we present the physical parameters of these new millimeter objects.
To measure the fluxes for the SMA sources, we used the NRAO Astronomical Image
Processing System (AIPS) software. Flux densities as well as source positions and sizes
were obtained using the AIPS IMFIT procedure, where each source was modeled with
two-dimensional elliptical Gaussians. The errors cited for the flux densities correspond to
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Source Ks-band emission? 8µm emission?
SMA-1 yes, diffuse yes, pointlike
SMA-2 yes, diffuse yes, diffuse
SMA-3 yes, pointlike yes, pointlike
SMA-4 no no
SMA-5 no no
SMA-6 no yes, diffuse
SMA-7 no yes, diffuse
Table 5.1: NIR and MIR emission associated with the SMA sources.
statistical uncertainties and are dominated by the calibrational uncertainty that is ∼ 20%
as already mentioned in the previous section.
To determine the mass we assume the emission arises from an optically thin,
unresolved, source that can be characterized by a single temperature (e.g. Mundy et al.
1995; Bally et al. 1998). If the emission is optically thick then the derived mass is a lower
limit. The mass is calculated using the following equation:
M =
Fνd
2
Bν(Td)κν
(5.1)
where ν is the frequency, Td is the dust temperature, Fν is the integrated flux density of
the source, Bν is the Planck function,and finally, κν is the dust mass opacity. We derive
the latter value from Beckwith et al. (1990):
κν = 0.1
( ν
1200GHz
)β
cm2 g−1 (5.2)
which gives us κν = (0.0192)
β cm2 g−1. The value of κν assumes a gas-to-dust ratio of
100 (Hildebrand 1983), which may not be the most adequate to use for protostellar
sources since dust settling to the mid-plane of the disk and erosion of the circumstellar
envelope by photo-dissociation may decrease the gas-to-dust ratio (Williams et al. 2005;
Throop & Bally 2005). Additionally, the value of the emissivity index, β, is uncertain
(Beckwith et al. 1990). The sizes of the sources suggest the emission is arising from
compact envelopes, hence we adopt β = 1.5 to calculate the mass of the sources (Wolf-
Chase et al. 2003; Peretto et al. 2007). We use 23K for the mass determination, as this
was temperature measured by Wolf-Chase et al. (2003) for D-MM1. Table 5.3 shows the
masses determined, as well as the average number density, n¯, given by:
n¯ =
3M
4piµmHR3geom
(5.3)
where µ is the mean molecular weight, 2.34, mH is the atomic H mass, and Rgeom is the
geometric mean radius. The values of n¯ should be interpreted only as an estimate since
the error associated with the size of the source is uncertain and reflects the particular
(u, v) coverage of the data.
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Source Mass Rgeom n¯
?
(M) (AU) (107cm−3)
SMA-1 0.4±0.2 448 14.7
SMA-2 0.7±0.2 592 12.2
SMA-3 0.9±0.3 608 13.8
SMA-4 0.5±0.2 584 9.2
SMA-5 1.1±0.3 816 7.5
SMA-6 1.2±0.3 776 9.0
SMA-7 0.6±0.2 632 9.1
Table 5.3: Masses and densities of the SMA sources. The densities are calculated assuming
a spherical volume and using the geometrical mean radius Rgeom.
5.4 Discussion
5.4.1 On the nature of the new micro-cluster
Following the number counts of extragalactic objects at millimeter wavelengths from
Maloney et al. (2005), we estimate that the expected number of 1.3mm background
sources, above a flux density of S=20mJy, is 〈 N 〉 ∼ 5.76+0.30−9.1 deg−2. The probability of
finding a source with flux density equal or larger than 20mJy (see Table 5.2) in a 20′′×
20′′ region is thus quite low, ∼ 10−4. We therefore conclude that all the observed SMA
sources are associated with NGC2264D-MM1 core. We find a very similar value using
the number counts for submillimeter galaxies reported by Laurent et al. (2005).
Out of the seven millimeter continuum compact sources, two are associated with
pointlike emission and three are associated with diffuse emission (see Figure 5.1 and
column NIR/MIR of Table 5.2). Sources SMA-4 and SMA-5 do not appear to have any
NIR or MIR emission, although there is NIR and MIR diffuse emission located between
these sources (which could be scattered light from one or from both sources).
The deconvolved sizes (∼ 600 AU) of these objects, as well as the high densities (∼108)
suggest the 1.3mm emission is arising from compact dense regions such as circumstellar
envelopes. The derived masses (0.4 to 1.2M) are comparable to those of low mass stellar
objects indicating that a substantial amount of the total protostellar material is in the
circumstellar envelopes, from which we conclude that the SMA sources are very likely
protostars in the Class 0 evolutionary phase.
We cannot advance more in our interpretation of the individual sources due to a lack of
complementary high resolution observations at infrared and (sub)millimeter wavelengths
of this region (namely at 850µm). We would require such observations to build individual
spectral energy distributions and model these to determine the protostellar envelope
and disk masses. We are however able to discuss the fragmentation of D-MM1 and
the formation of these sources. There are 11 sources within D-MM1 (excluding one
foreground star Young et al. 2006), seven of which are the SMA sources we are reporting
in this Letter. These sources are more densely packed than those in the Spokes cluster,
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which have a characteristic spacing similar to the Jeans length (Teixeira et al. 2006). Our
interferometric observations recover ≈90% of the flux of D-MM1 measured by Peretto
et al. (2006) using their background subtracted maps. This implies that the single dish
observations correspond to the convolution of the individual fluxes emitted by the SMA
sources (as suggested by Wolf-Chase et al. 2003). If we assume that each protostar
has 0.5M, then a rough estimate of the pre-fragmentation density of D-MM1 can be
calculated by adding up the measured masses of the envelopes and the adopted protostellar
masses, which gives us 10.9M, and distributing this total mass within a region of 7870AU
radius (Peretto et al. 2006). The density we estimate in this manner is 8×105 cm−3.
The Jeans length, as explained in § 1.2.1, is given by:
λJeans =
1
µmH
√
pikBT
Gn¯
(5.4)
where kB is the Boltzmann constant and G is the gravitation constant. We obtain for
D-MM1 λJeans= 5.9
′′ (0.023 pc or 4740AU). Here we use a temperature T of 10K since it
is logical to assume that the pre-fragmented starless core would be colder than the present
temperature of D-MM1, 23K. The corresponding Jeans length is very similar to the mean
distance between the 11 sources, 6.9′′ (0.026 pc or 5520AU). However, the mean nearest
neighbor separation between the sources is 2.3′′ (0.009 pc or 1840AU), so it is not entirely
clear if the fragmentation of D-MM1 was purely thermal. It is interesting to compare
our results for D-MM1 with the northern subgroup of the Serpens cluster, which consists
of a rich clustering of Class 0 and Class I sources. Placing these Serpens sources at the
distance of NGC2264 and scaling the 1.4mm fluxes measured by Hogerheijde et al. (1999)
accordingly gives us fluxes comparable to what we are measuring for our SMA sources.
Winston et al. (2007) found that the average separation of the Serpens protostars is
about 5000AU with some of the sources being as close at 2000AU. They also calculate
the Jeans length for the region to be 0.024 pc, which is similar (if we neglect projection
effects) to what we find. If this is a characteristic scale then this could be an indication
that thermal physics is the underlying engine that regulates star formation, in at least
some highly clustered environments.
Our finding holds within it an interesting implication, specifically, that there are two
scales of fragmentation in the Spokes cluster: one that formed D-MM1 and the other
bright members of the cluster (Teixeira et al. 2006) and a second associated with the
fragmentation of the D-MM1 core itself. These two fragmentation length scales are
correlated with the mean density in those regions, as would be expected if fragmentation
was dominated by thermal physics.
The Jeans mass for D-MM1, MJ = 17T
3/2n¯−1/2M, is 0.6M. Since D-MM1 would
have had 10.9M in its pre-fragmented state, we expect the core to have fragmented
into about 17 sources if thermal pressure was the dominant support against gravitational
collapse. This value is within a factor of two of the number of sources in D-MM1, 11. A
more detailed analysis is obviously required in determining the underlying stellar masses.
It is however interesting to note that if the Class 0/I sources in D-MM1 have in fact
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M∼ 0.5M, then their bolometric luminosities could be similar to those of IRAS 05173-
0555, RNO43MM, CB230, IRAS 18148-0440, or RNO15FIR, i.e., 7-10 L (Froebrich
2005), which would yield a combined luminosity of 77-110L. The bolometric luminosity
of D-MM1 is 107.5 L (Wolf-Chase et al. 2003).
5.4.2 X-ray emission associated with SMA-1
Flaccomio et al. (2006a) used the ACIS onboard the CXO to obtain a 97 ks long
exposure of NGC2264. We searched their X-ray catalog and found that source # 237
(CXOANCJ064105.5+093407: (α, δ)(J2000)=(06h41m05.55s, +09◦34′07.68′′) is located
approximately 0.6′′ away from SMA-1. We note that the SMA has subarcsecond
pointing accuracy and the CXO has a positional accuracy of typically 0.6′′. To our
present knowledge there are no other infrared or millimeter sources positioned closer to
CXOANCJ064105.5+093407 so it could potentially be associated with SMA-1. The ACIS
data has been recently re-analyzed and made publicly available through AN archive of
CHandra Observations of Regions of Star formation (ANCHORS)2 (Wolk & Spitzbart
2006). ANCHORS is a web based archive of all the point sources observed during
Chandra observations of regions of star formation and their fitted spectra. Although
the number of photons detected (9) was very low it is nontheless illustrative to mention
the spectral fit obtained to help gain some insight into the nature of the source. The fitted
spectra of CXOANCJ064105.5+093407 corresponds to an absorption hydrogen column
density of NH=16.58±5.21×1022 cm−2, kT=0.90±0.13 keV (i.e., a plasma temperature of
10.4±1.5MK), and a 0.3 solar metal abundance. We derive an equivalent visual extinction
AV of 103±32 magnitudes using the gas-to-dust ratio NH(cm−2) = 1.6 × 1021AV(mag)
(Vuong et al. 2003). Dust extinction maps of NGC2264 using the near-infrared color
excess method (e.g. Teixeira et al. 2005,and references therein) show that the region of the
Spokes cluster is highly extincted, with AV > 40 magnitudes, unpublished data. So the
measured AV of CXOANCJ064105.5+093407 is consistent with it being either an Active
Galaxy Nucleus (AGN) observed through the dense molecular cloud or a deeply embedded
young stellar object such as a protostar with a circumstellar envelope. The fitted spectra
has very little emission in the soft X-ray energy regime (0.5-2 keV) and is mostly hard X-
ray (2-10 keV), peaking at 3 keV. AGN spectra are characterized by hard X-ray emission
(e.g. Mushotzky et al. 2000), however, the plasma temperature derived from the fit is
below that which is expected for AGNs (TplasmaAGN ≥ 109K) and very similar to what
Forbrich et al. (2006) observed towards protostellar objects in the Coronet cluster. We can
thus rule out the AGN scenario and confidently say that CXO ANC J064105.5+093407
is associated with a protostellar object, very likely SMA-1. Winston et al. (2007) also
reports Class 0/I sources with X-ray emission. Unfortunately the CXO ACIS-I camera
was pointed and orientated such that D-MM1 fell precisely in the gap between the chips
of the array: this may be the reason why no other X-ray source is detected in D-MM1.
2http://cxc.harvard.edu/ANCHORS/
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5.5 Summary
We discovered a dense micro-cluster of Class 0 sources within D-MM1, with envelope
masses ranging from 0.4 to 1.2M and average radius of 600AU. Five of the sources are
associated with NIR/MIR emission, and one of the SMA sources, SMA-1, is associated
with X-ray emission. The separations of the sources indicate that the fragmentation length
scale of this core is significantly smaller than that of the Spokes cluster and comparable to
the Jeans length in D-MM1. This is consistent with hierarchical thermal fragementation:
with a primary fragmentation along the lower density (104 cm−3) filaments of the Spokes
cluster, and a secondary fragmention of the higher density core D-MM1 (∼106 cm−3).

Chapter 6
Characterization of the disk
population of NGC2264
... the dust that is merely opaque in the visible is self-luminous in the
infrared and so in the midst of this optical darkness there had appeared a great
infrared light.
N. Woolf
Spitzer survey of circumstellar disks in NGC2264, Paula S. Teixeira, et al.
2008, in prep.
The Spitzer Space Telescope excelled in identifying protostars (see chapter 4), but
the observatory also provides the means to accurately identify disk-bearing stars, as I
will show in this chapter; section 6.1 presents the sources with disks in NGC2264, § 6.2.2
describes characteristics of these sources, and finally § 6.2.1 discusses their spectral energy
distributions.
6.1 Identification of the circumstellar disks
To begin characterizing the NGC2264 population, I determined the slope of the SED,
αIRAC, for each source in the IRAC sample (the sample was defined above in § 3.5). The
αIRAC tool was introduced in § 1.3 and is measured between 3.6µm and 8µm. The sources
are classified according to the αIRAC empirical scheme shown in Table 6.1, following the
results obtained by Lada et al. (2006) in the young cluster IC 348.
Briefly reviewing: the sources with thick disks are also referred to as Class II sources,
while Class III objects correspond to sources with anemic disks or sources with naked
photospheres up to 8µm (i.e, with no inner disk) that are PMS members of NGC2264.
Class I sources viewed pole-on may present flat spectrum SEDs (Calvet et al. 1994;
Robitaille et al. 2006), and so may Class II sources if viewed edge-on (Robitaille et al.
2006). I have thus decided to add an intermediate evolutionary phase between Class I
sources and Class II sources to the empirical classification scheme of Lada et al. (2006):
the coloquially termed the flat spectrum SED phase. Several authors have suggested that
flat spectrum sources may indeed be a distinct evolutionary group altogether, such as
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Greene & Lada (2002) and Doppmann et al. (2005) who found that the accretion rates
for flat spectrum sources are consistently higher than those for CTTS and lower than
those for Class I sources, and Muench et al. (2007) who found that flat spectrum sources
are intrinsically more luminous than Class II sources.
Source classification αIRAC value
Class I (C I) sources: αIRAC> 0.5
Flat spectrum (FS) sources: 0.5>αIRAC> -0.5
Sources with thick disks (TD): -0.5>αIRAC> -1.8
Sources with anemic disks (AD): -1.8>αIRAC> -2.56
Sources with naked photospheres (NP): αIRAC6-2.56
Table 6.1: Source classification scheme using αIRAC.
Figure 6.1: Histograms of αIRAC, where sources in the IRAC sample correspond to the
hatched-line red diagram, and the candidate members selected by Fu˝re´sz et al. (2006) are
represented by the hatched-line black histogram. The small inset is the same diagram but
zoomed into the αIRAC region corresponding to thick disks. The shaded areas correspond
to the regions in the histogram occupied by the Class I (CI) sources, flat spectrum sources
(FS), sources with thick disks (TD), sources with anemic disks (AD), and sources with
naked photospheres (NP).
Figure 6.1 shows the resulting distribution of αIRAC for sources of the IRAC sample
in the red hatched-line histogram, as well as the αIRAC distribution for the candidate
members selected by Fu˝re´sz et al. (2006) (from their radial velocity survey) overplotted
(black hatched-line histogram). The IRAC sample αIRAC histogram shows that the
majority (996) of the sources have αIRAC that is characteristic of a stellar source with
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a naked photosphere - these are comprised of diskless PMS sources of NGC2264 as
well as foreground and background field stars. As can be seen in hatched-line black
histogram, a great majority of the naked photosphere sources are indeed not classified as
members of NGC2264 by Fu˝re´sz et al. (2006). The IRAC sample has 372 sources that
have circumstellar material (αIRAC > -2.56), 167 of which are selected as members by
Fu˝re´sz et al. (2006).
Using the sample of 359 candidate members selected by Fu˝re´sz et al. (2006) that were
detected in all four IRAC bands, the fraction of sources with either thick disks, FTD
or anemic disks, FAD, and the fraction of diskless sources, FNP , may be determined as
follows:
fTD =
NTD
NFS +NTD +NAD +NNP
=
110
359
= 0.306 (6.1)
fAD =
NAD
NFS +NTD +NAD +NNP
=
45
359
= 0.125 (6.2)
fNP =
NNP
NFS +NTD +NAD +NNP
=
192
359
= 0.535. (6.3)
According to this membership selection, ∼47% (1-fNP ) of the sources in NGC2264
have circumstellar material, either from envelopes (Class I or flat spectrum, 12 sources),
thick or anemic disks.
It should be noted that the statistics on flat spectrum and Class I sources are
particularly incomplete since these are very red sources and some may be not be detected
in all four IRAC bands; the above fraction of sources with circumstellar material is thus
an underestimate. The remainder of the analysis is thus limited to the PMS sources of
NGC2264.
The extensive molecular cloud located behind the optically visible members of
NGC2264 (see chapter 2) is relatively efficient in screening against the contamination of
extragalactic sources in the IRAC sample. However, it is necessary to prune the dataset
to further reduce the number of these interlopers because extragalactic sources present
infrared excesses which could be erroneously interpreted as a signature of a star with a
circumstellar disk (e.g. Jørgensen et al. 2006).
Figure 6.2 shows a grid of IRAC color-magnitude diagrams for sources in the IRAC
sample. The plotted sources were divided into five categories based on their αIRAC values
(see Table 6.1): Class I sources, flat spectrum sources, sources with thick disks, sources
with anemic disks, and sources with naked photospheres. The first column (corresponding
to the [3.5]-[4.5] color) shows that there is a moderate separation in color between these five
types of sources, as does the second column (corresponding to the [4.5]-[5.8] color). The
different groups of sources separate out very clearly in the fourth column (corresponding
to the [4.5]-[8] color), while the third column (corresponding to the [5.8]-[8] color) shows a
clear separation between sources with and without infrared excess emission, even though
it does not segregate as clearly between the different sources with excess emission.
Fazio et al. (2004b) found that contamination from extragalactic sources, such as
PAH galaxies, is greater than 50% for sources fainter than 14.5 magnitudes at 3.6µm. I
overplotted in the diagrams of Figure 6.2 sources fainter than this cut-off in red: these
sources remain faint until 5.8µm however they brighten substantially at 8µm, behaving
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Figure 6.2: Grid of IRAC color-magnitude diagrams for sources belonging to the IRAC
sample. These are segregated between sources with naked photospheres (NP), sources
with anemic disks (AD), sources with thick disks (TD), flat spectrum sources (FS), and
finally Class I sources (CI) according to their IRAC spectral index, αIRAC (see Table 6.1).
The dotted horizontal line in the upper panel corresponds to a magnitude cut of 14.5 in
IRAC band 1 (3.6µm) used to exclude sources that may be extragalactic (overplotted as
red symbols) (e.g. PAH-rich galaxies, Fazio et al. 2004a; Herna´ndez et al. 2007). The
arrows correspond to reddening vectors with lengths of AV=10 magnitudes (according to
the extinction law presented in §D).
6.1. IDENTIFICATION OF THE CIRCUMSTELLAR DISKS 69
exactly like sources rich in PAHs. To reduce contamination from extragalactic sources, I
applied this filtering method and removed 8 sources that are fainter than 14.5 magnitudes
at 3.6µm from our IRAC sample. This extragalactic decontamination technique has also
been used by other authors to filter their data (e.g. Herna´ndez et al. 2007, in their study
of the young σ Orionis cluster). The cleaned IRAC sample, used henceforth, has thus
1404 sources of which 12 are Class I sources, 27 are flat spectrum sources, 217 are sources
with thick disks, and 152 are classified as sources with anemic disks. As mentioned
above, sufficiently extincted diskless sources have αIRAC values that would lead to their
identification as sources with anemic disks; indeed 36 such sources were found in NGC2264
so the number of sources with anemic disks is actually considered to be 116.
Figure 6.3: Distribution of sources in the (a) Ks-4.5µm and the (b) Ks-8µm vs. J −H
color-color diagrams. The solid gray curve represents the Pleiades Main Sequence branch
(see Lada et al. 2006). The arrows correspond to reddening vectors with lengths of AV=10
magnitudes (according to the extinction law presented in §D).
Figure 6.3 shows two NIR+IRAC color-color diagrams of sources in the IRAC sample.
The symbols are the same as those used in Figure 6.2 to distinguish between the different
types of sources. The sources are clearly discriminated in these diagrams according to
their αIRAC value: the diskless sources (represented by small black dots) occupy the region
corresponding to the main sequence and its diagonal reddening band. The unembedded
sources with disks are located either along a relatively constant J −H color: the CTTS
locus. The positions of the embedded sources with either thick disks, flat spectra, or
Class I sources fan out in the NIR+IRAC diagrams at the red Ks-[4.5] or Ks-[8] end of
the CTTS locus.
It is interesting to note that the diagrams show a gap amongst the reddened disked
sources, an effect that is particularly noticeable in panel (b) of Figure 6.3 - the sources
with anemic disks generate a reddening gap in the NIR+IRAC plots. Those sources with
anemic disks that are reddened, are located close to the reddened MS sources and are
practically indistinguishable from them in these diagrams. The question arises as to why
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Figure 6.4: NIR+IRAC color-color Nyquist-sampled density diagrams for sources in the
IRAC sample. The beamsize is 0.3×0.3 magnitudes and it represented by a pixel in
the upper right corner of panel (a). The contours are the same for each diagram and
correspond to 3, 6.5, 10, 15, 20, 30, 50, 75, 100, 125, 150, 175, 200, 250, 300, and 400
sources mag−2. The solid black curve corresponds to the Main Sequence of the Pleiades
(see Lada et al. 2006). The dashed-dotted lines correspond to the CTTS locus for each
color-color space (see Table 6.2).
extincted sources with anemic disks are confined to the reddening band of the MS and
are not spread out in the diagram like the reddened sources with thick disks. It should be
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noted that an extincted diskless source (AV> 10 magnitudes) may have the same αIRAC
as that of an unextincted source with an anemic disk (see Appendix A of Muench et al.
2007), which may lead to possible misclassifications. From the diagrams of Figure 6.3,
it is estimated that ∼ 36 sources have αIRAC characteristic of sources with anemic disks
but may be in fact merely reddened diskless sources. If this is indeed the case, then the
question of why the sources with the anemic disks are mostly unembedded remains to be
answered. The next chapter will be adding information and more pieces to this particular
puzzle. Hypothetically, sources with anemic disks may be older and may have drifted out
of the parental cloud (or the cloud may have dissipated) sufficiently so that they are no
longer embedded.
To quantitatively determine the CTTS loci, I built four NIR+IRAC color-color density
plots: (a) Ks − [3.6], (b) Ks − [4.5], (c) Ks − [5.8], and (d) Ks − [8]. These are shown in
Figure 6.4. I then selected sources occupying a region in the Ks − [8] vs. J −H color-
color space with high density of excess emission sources (≥10 mag−2), to fit an empirical
loci for CTTSs. The locus in a color-color diagram can be given by:
y = a0 + a1x (6.4)
where y corresponds to the J −H color and x corresponds to one of the four colors
Ks − [3.6], Ks − [4.5], Ks − [5.8], and Ks − [8]. Table 6.2 summarizes the coefficients a0
and a1 obtained from the four fits, and includes the locus determined by Meyer et al.
(1997) for the diagram Ks − L vs. J −H for comparison purposes. The difference in the
slopes determined from L-band and 3.6µm IRAC photometry may be due to the intrinsic
differences in these two filters.
Color-color space a0 a1
Ks − [8] vs. J −H 0.577±0.004 0.107±0.002
Ks − [5.8] vs. J −H 0.620±0.003 0.137±0.002
Ks − [4.5] vs. J −H 0.634±0.003 0.170±0.003
Ks − [3.6] vs. J −H 0.614±0.003 0.265±0.004
Ks − L vs. J −Ha 0.49±0.06a 0.40±0.08a
Table 6.2: Coefficients for Equation 6.4. aCTTS locus from Meyer et al. (1997).
Figure 6.5 shows two IRAC color-color diagrams for sources in the IRAC sample.
Again, the different sources segregate out well in these diagrams, just as they did in the
NIR+IRAC color-color diagrams of Figure 6.3. These IRAC color-color plots may be used
to identify sources with disks (and with circumstellar envelopes) if no other information
is available (NIR photometry or accretion diagnostic data tools such as Hα spectroscopy).
The following section will present results obtained on the characterization of the
sources with disks identified in this section, by using publicly available ADC data (see
§ 3.4).
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Figure 6.5: IRAC color-color [5.8]-[8] vs. [4.5]-[5.8] and [4.5]-[8] vs [3.6]-[4.5] diagrams.
The symbols are the same as those for Figure 6.3. The arrows correspond to reddening
vectors with lengths of AV=15 magnitudes (according to the extinction law presented in
§D).
6.2 Analysis of the disked stellar population
6.2.1 Spectral energy distributions
I built the SED for every source in the IRAC sample; a complete atlas of these SEDs
is presented in Appendix §B. To build a SED I calculated the flux density values, Fλ,
corresponding to the multiwavelength photometry, according to the following equation:
Fλ =
Fλ,0
10m/2.5
(6.5)
where Fλ,0 is the flux density zeropoint for the wavelength λ, and m is the corresponding
apparent magnitude. The flux density zeropoints used are summarized in Tables 3.3, 3.5,
and 3.6. The error of the flux density, σFλ , is given by (derivation presented in Appendix
§C):
σFλ =
√
F 2λ ln
2(100.4σm) + 10−0.8mσ2Fλ,0 (6.6)
where σm is the error associated with the magnitude.
There are two main reasons why this atlas of SEDs was built: (i) to further compare the
evolutionary status of each source and the properties of circumstellar disks by directly
comparing their SEDs, and (ii) to determine the extinction to the sources that have
published spectral types. The first point is explored in more detail by constructing the
median SEDs of sources within the same spectral type, in a similar fashion as done by
Lada et al. (2006); this analysis is presented further below, I will address the second point
first.
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The SED atlas, presented in Appendix §B, has sources with known spectral types
whose SEDs were fitted with reddened photosphere models. I used synthetic photospheres
from Kurucz (1993) for spectral types earlier than A, combined with the NextGen grid of
synthetic photospheres (Hauschildt et al. 1999a,b) for the remaining spectral types. The
spectral resolution of the NextGen models were matched to those of the Kurucz (1993)
photospheric models, and both these were subsequently reduced by a factor of three
to optimize computer processing time. I built an ensemble of extincted photospheric
models by reddening the synthetic photospheres upto 30 magnitudes of equivalent visual
extinction, in increments of 0.1 magnitudes using the following Equation:
F red modelλ = F
model
λ e
− Aλ
1.086 (6.7)
where F red modelλ corresponds to the flux density of the reddened synthetic photosphere,
Fmodelλ corresponds to the flux density of the unreddened synthetic photosphere, and Aλ
is the reddening applied. The reddening was calculated according to the extinction laws
of Cardelli et al. (1989) (λ < 1µm) and Indebetouw et al. (2005) (1µm < λ < 8µm) (see
Appendix §D). The photospheric flux density, at a given wavelength, was calculated by
synthetic photometry:
Fmodelλ =
∫ λ2
λ1
FfilterFsynthetic photdλ∫ λ2
λ1
Ffilterdλ
(6.8)
where ∆λ = λ1 − λ2 is the filter passband width, Ffilter is the transmission curve of the
filter (normalized for λ), and Fsynthetic phot is the flux density of the synthetic photosphere.
Each of these reddened photospheric models (for each spectral type) was fitted to each
SED in the atlas. The best fit was found by choosing the smallest value of the χ2, given
by:
χ2 =
Nfilters∑
i=1
(λiF
data
λi − sλiF red modelλi )2
σ2i
(6.9)
The scaling factor s was determined by minimizing χ2, i.e.,
∂χ2
∂s
= 0 (6.10)
and is given by (see Appendix §E for detailed calculation):
s =
∑Nfilters
i=1 λ
2
iF
data
λi F
red model
λi /σ
2
i∑Nfilters
i=1 (λiF
red model
λi )
2/σ2i
(6.11)
By finding the best fit of a reddened photospheric model for each SED, I was able
to determine the extinction to that source. The SED atlas in Appendix §B shows the
fitted reddened synthetic photospheres overplotted, as well as the corresponding visual
extinction to the source. These extinction values were used to deredden the diskless or
naked photosphere sources and enable their placement on a H-R diagram, as shown in
§ 7.2.
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Figure 6.6: Median combined (segregated by spectral type) SEDs of sources possessing
thick disks in NGC2264. These SEDs were reddened by 2.5 magnitudes of visual
extinction so that a comparison could be made to the median SEDs of IC 348 (overplotted
in gray, data taken from Lada et al. 2006).
I will now address the first reason why the SED atlas was built, i.e., to evaluate
disk evolution and morphology, by building median SEDs of sources possessing thick
disks. The building process started with the segregation of sources into spectral type
bins, following Lada et al. (2006). The first group corresponds to sources with spectral
types between A0 and F9 (4 sources), the second to G0 to G9 (10 sources), the third
to K0 to K9 (25 sources), the fourth to M0 to M1 (18), the fifth to M2 to M3 (24),
and finally, the sixth group corresponds to sources with spectral types between M4 and
M6 (15 sources). Before calculating the median fluxes for each wavelength, the SEDs
for each spectral group were dereddened and scaled to a (arbitrary) flux at J-band of
10−10 erg s−1 cm−2. The NGC2264 SEDs will be compared to those of another young star
forming cluster, IC 348, to better analyze the disk structure for each spectral type group.
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Lada et al. (2006) present median IC 348 SEDs that are reddened by approximately 2.5
magnitudes of visual extinction; I therefore reddened the median NGC2264 SEDs to
match the extinction values of the corresponding IC 348 SEDs. The median SEDs, for
sources possessing thick disks, are shown in Figure 6.6.
For all the spectral groups, except for G, the NGC2264 sources have more disk emission
than those of IC 348; the median SED for the IC 348 G spectral group was built from
only one source so the comparison may not be very useful in this particular case due
to the reduced statistics. Figure 6.6 also shows that the disk emission for early type
stars (AF) is substantially greater in NGC2264 than in IC 348. The NGC2264 K-type
sources also possess more disk emission than those of IC 348, while the M0-M1 sources
have comparable disk emission; the NGC2264 late type sources (M2-M6) have increased
disk emission compared to those of IC 348 but on a smaller level. Finally, the comparison
of the median SEDs also shows that the decrease in disk emission is homologous at all
wavelengths upto 8µm.
There are several factors/variables that change the shape of the SED of a source with
a disk, such as:
(i) the inclination of the disk (e.g. Robitaille et al. 2006; D’Alessio et al. 2006),
(ii) the size of the dust grains (grain growth, e.g. Tanaka et al. 2005; Bouwman et al.
2008),
(iii) dust settling in the disk (e.g. Dullemond & Dominik 2005; Tanaka et al. 2005),
(iv) disk geometry (flat vs. flared disk; Kenyon & Hartmann 1987; D’Alessio et al. 2006;
Dullemond & Dominik 2004),
(v) accretion (e.g. Flaherty & Muzerolle 2008),
(vi) environmental (such as stellar encounters and photoevaporation of the disk by other
stars) and/or initial conditions (e.g. Dullemond & Dominik 2005),
(vii) or the age of the source (e.g. Sicilia-Aguilar et al. 2006).
Disks with inner holes also have distinctive SEDs and I will be discussing these in § 6.2.2.
These disks have decreased emission at shorter wavelengths1 and their SED show little or
no excess emission up to 8µm (the emission is mostly from the stellar photosphere); none
of the median SEDs shown in Figure 6.6 appear to have inner holes.
Unless there is a preferred orientation of the disk axes in NGC2264 (or in IC 348), a
median SED should not be affected by the inclination angle2, so this factor cannot explain
the difference between the SEDs for early type stars for the two clusters. The age of the
two clusters is also similar (IC 348 has 2-3 Myr; I will discuss the ages of the NGC2264
sources in § 7.2), so the last factor may not be a dominant one. The remaining factors
1the inner regions of the disk (≤10AU) are the hottest and emit in the near-infrared, whilst the cooler
outer disk emits in the mid-, far-infrared and submillimeter wavelengths; an inner hole in the disk will
therefore have an SED little or no NIR excess emission
2random spin axis orientation of CTTS has been assumed by other authors, e.g. Jeffries (2007) in the
ONC.
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(ii-vi) remain more plausible explanations for why the early type stars in NGC2264 (AF)
possess disks with higher emission than those of IC 348.
Disks with larger grains (i.e., where grain growth is occurring) have SEDs that show
decreased emission at longer wavelengths (far-infrared, submillimeter, and millimeter,
Tanaka et al. 2005; Bouwman et al. 2008) 3. The disk mid-plane’s higher density will
enable grain growth via dust coagulation; furthermore, dust grains will settle in the
midplane of the disk as they grow, creating a vertical stratification of the disk. The
gravitational dust settling rate4 is directly proportional to the growth rate of the grains,
however turbulence may slow down this settling process by stirring and mixing the grains
(e.g. Schra¨pler & Henning 2004; Nomura & Nakagawa 2006).
D’Alessio et al. (2006) and Bouwman et al. (2008) discuss the effect the size of the
dust grains and the amount of dust settling in the disk may have on the geometry of
the disk: they found that the height of the surface of the disk decreases as grain growth
and dust settling increases. The amount of radiation received by the disk will therefore
decrease, leading to a decreased re-procession of the stellar radiation and subsequent
emission. These flattened disks will consequently have a SED that approximately follows
a power-law, decreasing with wavelength. A flared disk (optically thick with a concave
upper surface), on the other hand, intercepts a greater amount of stellar radiation than a
flat disk, and so the SED falls off less steeply. The early type sources in NGC2264 appear
to have more flared disks than those around early type stars in IC 348 and around later
type sources in NGC2264: the increased disk emission of the early type stars of NGC2264
could thus be due to an absence or reduced amount of grain growth and settling (due to
turbulence for example) in comparison to the median disk of early type stars in IC 348.
Furthermore, comparison of the disks around the early type stars with those around the
later type stars (>M0) in NGC2264 may also indicate that the latter have undergone
more grain growth and dust settling.
Regarding the effect disk accretion produces on the SED of a disk, Flaherty &
Muzerolle (2008) found that a lowered accretion rate will lead to a decrease of surface
density (lowering the flux at all wavelengths), a decrease of viscous heating (flattening
the disk), and a decrease of the accretion luminosity (bringing the dust destruction radius
closer in to the star). I will continue this particular discussion in the next section, § 6.2.2,
where the disk accretion is studied using the spectral diagnostic: the Hα equivalent
linewidth.
6.2.2 Disk fractions and accreting properties
The IRAC sample has 394 sources with previously determined spectral types. I devised
a linear spectral type number coding system to facilitate the subsequent analysis of these
sources; the coding system is summarized in Table 6.3. Sources in the IRAC sample that
have different spectral types determined from different authors have been attributed an
average spectral number. As an example, if a source has been classified as K6 (6600) and
3the shape and size of the silicate feature at ∼10µm does correlate with grain growth (Bouwman et al.
2008), however this spectroscopic analysis is beyond the scope of this thesis and will be pursued during
postdoctoral research (see § 8.2.2).
4a 1µm sized dust grain will take ∼106 yr to settle into the midplane of the disk, while a 1 cm sized
dust grains takes ∼100 yr (e.g. Weidenschilling 1980)
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K2 (6200) by two different studies then it has a spectral number of 6400±200.
SpT O B A F G K M
SpT number 1000 2000 3000 4000 5000 6000 7000
SpT K0 K1 K2 K3 K4 K5 K6 K7 K8 K9
SpT number 6000 6100 6200 6300 6400 6500 6600 6700 6800 6900
SpT K0.5 K1.5 K2.5 K3.5 K4.5 K5.5 K6.5 K7.5 K8.5 K9.5
SpT number 6050 6150 6250 6350 6450 6550 6650 6750 6850 6950
Table 6.3: Spectral type (SpT) number coding system. The O, B, A, F, G spectral types
follow the convention given for the K spectral type for the subclasses. The M spectral
type can be further divided into quarters of subclasses: as an example, M4.25 corresponds
to 7425 and M5.75 corresponds to 7575.
Figure 6.7: Variation of αIRAC with spectral type. The horizontal thick lines correspond
to the limits used to classify the evolutionary phases of Young Stellar Objects (YSOs)
and PMS objects (see Table 6.1).
Figure 6.7 shows how αIRAC varies with spectral type for sources with published
spectral types. The solid horizontal lines correspond to the αIRAC limits used to classify
the evolutionary phase of the sources (discussed at the beginning of § 6.1). As the diagram
shows, the majority of sources with thick or anemic disks are late-type (>G9), although
there exist some early-type sources with thick disks.
Comparison of Figure 6.7 with Figure 1 of Lada et al. (2006) shows great similarity
in the variation of αIRAC with spectral type between the NGC2264 and IC 348 clusters;
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these distributions are clearly different from that of the Taurus sources, for they contain
a relatively substantial amount of sources with anemic disks whilst the Taurus clouds are
relatively devoid of them. A noteworthy difference between the NGC2264 and IC 348
clusters resides in the fact that the former has more disked sources around more massive
sources, i.e, the majority of the disked sources in IC 348 are of spectral types later than
K6 while in NGC2264 they have spectral types later than K0.
The aforementioned figure also shows that the fraction of sources with disks is a
function of spectral type, as was also shown by Lada et al. (2006). I specify below how
the disk fraction5 varies with spectral type for NGC2264:
• Of the 129 sources with spectral types earlier than K0 (SpT < 6000), 109 are
diskless, 2 have anemic disks, 14 have thick disks, 1 is a flat spectrum source, and
3 are Class I sources; this corresponds to a disk fraction for early type sources of
12.8%. The ratio of sources with anemic vs. thick disks is 2/14=0.143.
• Of the 76 sources with spectral types between K0 and K6 (6000 ≤ SpT < 6600),
44 are diskless, 14 have anemic disks, 16 have thick disks, and 2 are flat spectrum
sources; this corresponds to a disk fraction of 39.5%. The ratio of anemic vs. thick
disks is 14/16=0.875.
• Of the 90 sources with spectral types between K6 and M2 (6600 ≤ SpT < 7200),
47 are diskless, 13 have anemic disks, 29 have thick disks, and 1 is a flat spectrum
source; this corresponds to a disk fraction of 46.7%. The ratio of anemic vs. thick
disks is 13/29=0.448.
• Of the 99 sources with spectral types between M2 and M6 (7200 ≤ SpT < 7600),
44 are diskless, 14 have anemic disks, 39 have thick disks, and 2 are flat spectrum
sources; this corresponds to a disk fraction of 54.6%. The ratio of anemic vs. thick
disks is 14/39=0.359.
A 2Myr old isochrone (Siess et al. 2000) predicts that a unreddened M6 source at the
distance of 800 pc has an apparent magnitude of 12.5 for the L-band6; the [3.6] photometry
for sources in the IRAC sample is complete down to 13.0 magnitudes. On the other hand,
the [3.6] photometry is only complete down to 11.5 magnitudes for sources with known
spectral types, i.e., the sample used to build the diagram shown in Figure 6.7 is complete
only down to K6 so the disk fractions cited above should be taken as upper limits. A
similar analysis conducted by Lada et al. (2006) in IC 348 showed that the disk fraction
increased with spectral type until M2, then started to decrease. Figure 6.7 shows that the
disk fraction for NGC2264 increases with spectral type until M6; taking into account the
incompleteness for sources with spectral types later than K6, this results is still consistent
with that found in IC 348.
Another estimate of the disk fraction in NGC2264 can be made by using X-ray
emitting sources. The Chandra X-ray survey of NGC2264 Flaccomio et al. (2006a)
identified 148 X-ray emitting sources in the area surveyed by IRAC (seven of which are
either flat spectrum sources or Class I sources). Figure 6.8 shows a diagram plotting the
variation of X-ray emission with the IRAC spectral index αIRAC for these 148 sources.
5I consider disked sources, those that have either anemic disks or thick disks.
6comparable to the IRAC 3.6µm passband
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Figure 6.8: Variation of X-ray counts with αIRAC. The X-ray data was obtained by
Flaccomio et al. (2006a). The horizontal thick lines correspond to the limits chosen in
this work to classify the evolutionary phase of young stellar objects, also displayed in
Figure 6.7.
A quantitative measure of the correlation between disk emission and X-ray emission
can be determined by the following fractions:
fTD =
NTD
Ntot
=
60
(148− 7) = 0.426 (6.12)
fAD =
NAD
Ntot
=
27
(148− 7) = 0.191 (6.13)
fNP =
NNP
Ntot
=
54
(148− 7) = 0.383 (6.14)
where fND corresponds to the fraction of X-ray sources with thick disks, fAD corresponds
to the fraction of X-ray sources with anemic disks, and fNP corresponds to the fraction of
X-ray sources with naked photospheres. These fractions show that there are more disk-
bearing X-ray emitting sources than diskless X-ray sources. There are 156 disk-bearing
sources (thick or anemic disks) identified in the area surveyed by Chandra, and 86 of
these (or 55.1%) are identified as X-ray emitting sources. The difficulty in determining
more accurate disk fractions resides in the difficulty of identifying diskless sources that
are members of NGC2264. Fu˝re´sz et al. (2006) used radial velocity survey to identify
these sources, while data from Flaccomio et al. (2006a) permits the identification of X-ray
emitting diskless sources. I will estimate the total number of sources in the NGC2264
cluster in the following chapter and improve these values.
The IRAC sample has 172 sources with measured Hα equivalent widths, W(Hα),
(Dahm & Simon 2005). Figure 6.9 shows how W(Hα) varies for diskless sources, sources
with anemic disks, sources with thick disks, flat spectrum sources, and a Class I source.
Traditionally in the astronomical community, one considers a source to be accreting if
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Figure 6.9: Variation of the equivalent width of Hα (WHα) with αIRAC. The
W(Hα) data was obtained from Dahm & Simon (2005). The horizontal thick lines
correspond to the limits chosen in this work to segregate between sources with thick
disks (-0.5 > αIRAC ≥ -1.8), anemic disks (-1.8 > αIRAC > -2.56), or diskless sources
(αIRAC ≤ -2.56). The vertical colored lines represent W(Hα) limits that are used to
separate between accreting and non-accreting sources; the W(Hα) limits are a function
of spectral type (SpT) (see text). The data are correspondingly color-coded according to
the spectral type of the sources.
W(Hα) > 10A˚ (Dahm & Simon 2005; Stahler & Palla 2005). Figure 6.9 has this limit
represented by a vertical solid green line. According to this convention, there are several
sources with thick disks that do not appear to be accreting, implying they have passive
thick disks.
The luminosity of passive disks is derived mainly from reprocessed starlight and their
accretion rate are below ∼10−8M yr−1 (Adams & Shu 1986; Adams et al. 1987; Kenyon
& Hartmann 1987; Armitage 2007). The existence of passive disks in NGC2264 may be
interpreted or discussed in terms of the notorious variability of PMS sources in NGC2264
(see § 2). Dahm & Simon (2005) acquired spectroscopic data for several epochs, and found
that about 90% of the CTTS in NGC2264 showed changes in W(Hα) of at least 10%, while
57% varied at levels of 50% or more. A recent spectroscopic study of NGC2264 conducted
by Fu¨resz (Fu˝re´sz et al. 2006, and private communication) corroborates the existence of
this pervasive Hα variability: 60% of the sources with thick disks and W(Hα) < 10A˚ are
actually found to be CTTS, while 8% of sources with thick disks and W(Hα) ≥ 10A˚ were
initially classified as WTTS. To properly classify a source regarding its accretion status,
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it is therefore imperative to obtain multiple epochs of Hα spectroscopy since an actively
accreting source may go through quiescent periods.
Theoretically, this accretion variability is not fully understood for PMS sources,
although it was hypothesized more than a decade ago by Basri & Bertout (1993) that
stars may go through several CTTS and WTTS phases during their PMS evolution. One
particular model may shed some light on this accretion variability: Armitage et al. (2001)
discusses a layered disk (first proposed by Gammie 1996), where the angular momentum
transport is driven by magnetorotational instability, i.e., it is driven by gravitational
instability in the outer regions of the disk and by magnetohydrodynamic turbulence in
the inner regions. In their model, the disk develops a layered structure at ≈1AU, with
accretion occurring via an ionized surface layer overlying quiescent gas in the mid-plane
(‘dead zone’), while the outer part of the disk remains fully viscous. The ionized layer
may be formed either by collisional ionization (T ' 103K) or by ionization by cosmic rays
(the mid-plan is both too cool to be collisionally ionized and too dense to be ionized by
cosmic rays). This disk model predicts that the amount of mass that the active layer can
support is inversely proportional to the radius, meaning that there will be a buildup of
material in the dead zone. These disks go though (a)periodic instabilities (the reservoir of
gas in the dead zone could be heated and subsequently accreted), in which accretion rates
vary from 10−8M yr−1 (during ∼105 yr) to 10−5M yr−1 (during ∼104 yr). This model
may be more appropriate to explain the recurrent eruptive phenomena of FU Orionis
events, however, it is worth mentioning for it provides some insight on the origin of the
variability of the PMS sources of NGC2264 (even though this variability is on a shorter
timescale).
Figure 6.9 also shows the existence of sources with passive anemic disks and diskless
sources that are non-accreting (or with low accretion rates, M˙ < 10−8M yr−1) - these
are expected to occur if the gas and dust removal in the disk occur at approximately
the same rate. The diagram also shows that the majority of the sources with thick disks
appear to be accreting; these results are consistent with what Lada et al. (2006) find in
the young cluster IC 348.
Two particularly interesting regions of the diagram correspond to those inhabited by
accreting sources with anemic disks and accreting diskless sources. Before discussing the
implications of this result, I will first point out some factors that need to be taken into
account in the interpretation of these sources.
White & Basri (2003) raise an interesting issue regarding the measurement of Hα
equivalent widths for stars with spectral types mid- to late M that may be relevant to
the present discussion. These stars possess a prominent TiO band located at 6569 A˚,
close to the Hα spectral feature at 6563 A˚ (Kirkpatrick et al. 1991), the edge of which
may blend with the Hα emission line in low resolution spectral observations. In such
cases, the continuum is underestimated and subsequently the Hα equivalent width is
overestimated. This observational effect has been noticed by White & Basri (2003),
who found that high resolution observations (R≥20 000) of late type stars provided Hα
equivalent widths that were systematically lower than those previously estimated from
low resolution observations (≤ 3 000). It should be noted that the resolution of the Hα
observations conducted by Dahm & Simon (2005), and used in the present analysis, is
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3000, and so the Hα line is barely resolved from the edge of the TiO band. One should
therefore assume that the W(Hα) reported for these late type stars are upper limits as a
conservative or precautious measure.
Another relevant issue pointed out by White & Basri (2003) concerns the fact that
the W(Hα) limit used to classify a source as accreting or non-accreting (critical W(Hα))
actually depends on the spectral type of the source, for the photospheric continuum near
6500 A˚ is higher among earlier type stars - using W(Hα)=10 A˚ for classifying the accretion
status of all stars is therefore simplistic. These authors therefore propose that the critical
W(Hα) for sources with (i) spectral types K0-K5 be 3 A˚, (ii) spectral types K7-M2.5 be
10 A˚, (iii) spectral types M3-M5.5 be 20 A˚, and finally, (iv) for sources with spectral types
M6-M7.5 the critical W(Hα) be 40 A˚ (empirically determined from the maximum values
of W(Hα) for nonveiled CTTS within each spectral type range, White & Basri 2003).
Figure 6.9 has the classical W(Hα)=10 A˚ limit represented by a solid green vertical line,
while the W(Hα)=20 A˚ and the W(Hα)=40 A˚ limits are represented by vertical dashed
red and blue lines, respectively. Sources located on the right of these lines, according to
their spectral type, are considered to be accreting.
Finally, I want to emphasize that the NGC2264 cluster is immersed in a Hα-emitting
region, just like the ONC. The resulting measurements of Hα from its sources may be
contaminated from the nebula emission. This cautionary note should be kept in mind
during the following discussion.
Figure 6.9 shows that there are 18 sources with anemic IRAC or inner disks (ID
numbers: 0, 4, 6, 7, 10, 13, 81, 87, 88, 89, 112, 133, 155, 196, 400, 413, 641, 962, see the
SED atlas in §B) and 4 sources with no IRAC or inner disk (ID numbers: 24, 60, 224, 244,
see the SED atlas in §B) that are accreting. Of the accreting sources with anemic IRAC
disks, six of them have 24µm detections that indicate the existence of thick outer disks
(sources 0, 4, 6, 7, 10, and 13), and fifteen of them have X-ray emission (all except sources
196, 641, and 962). Regarding the accreting diskless sources7, all four of then are X-ray
emitting sources and one of them (source ID number 24) does possess 24µm emission
characteristic of a thick outer disk; the present data does not exclude the possibility that
the other three sources may also possess outer disks. Source #24 therefore has an inner
hole that is cleared of dust (hence the lack of emission at wavelengths ≤ 8µm) but not
cleared of gas as it is still accreting; the accretion is indicated by the large value of W(Hα)
and by the UV excess clearly shown by its SED (see the SED atlas in §B). The accreting
sources with anemic inner disks and thick outer disks (sources 0, 4, 6, 7, 10, and 13) could
be the immediate percursors to sources with no inner disk but that still possess an outer
disk (such as source 24).
Traditionally such disks are referred to as transition disks : it is thought that a
protoplanetary or primary disk evolves into a debris or secondary disk by first forming
an inner hole, where planet formation may already be occurring. Examples of sources
with transition disks are TWHya (10Myr) (Calvet et al. 2002, 2005), GMAur (2-3Myr)
(Calvet et al. 2005), and LkCa 15 (∼2Myr) (Pie´tu et al. 2006), all of which have broad
Hα line profiles that are clear accretion signatures; these holes are tipically a few AU (≤
10) in radius. A recent spectroscopic study by Furesz et al. (2007) of sources in the ONC
also revealed sources that have no disk emission detected shortwards of 8µm yet show
7in this context, ’diskless’ means an absence of an inner disk.
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clear Hα accretion signatures. These authors found approximately 35 sources presenting
these characteristics, interpreting them as sources with transition disks. The age at which
these sources may be found can therefore possibly be as young as ∼1Myr.
Another possibility that could explain the 3 accreting sources with no inner disk
(sources 60, 224, and 244) is that they are dMe stars. Riaz et al. (2006) analyzed Spitzer
IRAC and MIPS data for dMe stars and found that their SEDs could be described by a
purely photospheric spectrum out to 24µm, and that some of these sources could have
W(Hα)=14 A˚. If stars with broad Hα emission line profiles, also present characteristics
such as variability or X-ray emission it is very difficult to properly identify them as dMe
stars or bona fide accreting sources with transition disks, without longer wavelength data
(≥24µm). Dahm & Simon (2005) discussed the contamination of dMe stars in their Hα
survey of NGC2264 and estimated it to be ∼8%; from their analysis it is expected that
foreground dMe stars are very faint and red in the (V-I) vs. I optical color-magnitude
diagram (2.5 < V-I < 5.0 and 18 ≤ V ≤ 21). Source #60 has V=15.81 mag and V-I=1.74
mag, source #224 has V=18.66 mag and V-I=3.07 mag, and source #244 has V=17.46
mag and V-I=2.61, therefore they are unlikely to be dMe stars.
There are currently two possible scenarios that could account for the formation of
holes within a protoplanetary disk, or a transition disk: (i) through photoevaporation
and viscous disk evolution processes, or (ii) via planet formation (e.g. Alexander &
Armitage 2007). Flaherty & Muzerolle (2008) discuss a third scenario that could lead
to the formation of inner holes: grain growth. Dullemond & Dominik (2005) model the
evolution of protoplanetary and predict that grain growth and dust settling occurs more
rapidly in the inner region of the disk than in the outer regions. The study of the formation
of transition disks is a very active area of research and I will merely provide a few more
interesting examples of the work that has been published so far. Alexander et al. (2006)
conducted a theoretical study of disk evolution, using a model combining both viscous
evolution of the disk and photoevaporation of the disk by stellar radiation, and suggest
that all evolving disks pass through a short inner hole phase; they furthermore predict
that sources with transition disks should be approximately 10% of the number of disked
sources. Regarding the second scenario, Quillen et al. (2004) argue that the inner hole
of 10AU in the disk of the Coku Tau/4 could have been created by a 0.1MJupiter planet
within 1Myr. Yet another example is provided by Rice et al. (2003), who discuss the
possibility of a 1.7MJupiter planet, orbiting at 2.5AU, opening up a gap and eventually
clearing out the inner hole of GMAur of dust. Researchers have been searching for planets
within transition disks, and at the present moment, only one system is known to possess
both a disk and a planet: TWHya (9.8Jupiter planet orbiting at 0.04AU, found using the
radial velocity technique; Setiawan et al. 2008).
To help understand the prevalence of sources with transition disks one needs a sample
of sources that is complete in both an Hα survey (to identify the accreting sources) and
in an IRAC survey (to identify the disks). Chapter § 3 discusses the completeness of the
IRAC data used herein, and the Hα survey used in the above analysis is complete down to
V=17 magnitudes (Dahm & Simon 2005). As noted above, sources with known spectral
types are complete down to K6.
If the 4 accreting sources with no inner disks and the 6 accreting sources with anemic
inner disks and thick outer disks were to be classified as sources with transition disks,
then the fraction of transition disks for NGC2264 would be ∼10% (considering 105 disked
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sources with Hα measurments). According to Butler et al. (2006), ∼12% of FGKM stars
observed by Marcy et al. (2005) host giant planets within 30AU. These two numbers
are similar and it is tempting (and plausible, Setiawan et al. 2008) to suggest that
indeed giant planet formation is occurring within the herein identified transition disks of
NGC2264. On the other hand, as previously mentioned, Alexander et al. (2006) propose
that 10% of disks go through an inner hole disk phase during their evolution. Interestingly,
Sicilia-Aguilar et al. (2006) also found that 10% of the disked sources in the young cluster
Trumpler 37 are sources with transition disks; it should be noted however that these
authors define transition disks using only IRAC colors, i.e., if a source shows no excess
emission at [3.6]-[4.5] but presents excess emission instead at [5.8]-[8] then they classify it
as having a transition disk. The transition disks identified in NGC2264 make use of the
more robust excess at 24µm, as explained above.
Among the 70 anemic disks identified by Lada et al. (2006) in the young cluster IC 348
using IRAC data, 37% were also detected at 24µm. The authors found that 6 have anemic
inner disks and thick outer disks; they also found that approximately half of the sources
with 24µm detections have thin outer disks. The limited sensitivity at 24µm precluded
a more complete study of the outer disks so only sources with the largest 24µm excesses
were detected in IC 348. This limitation is even more pronounced in NGC2264, that is
located at about twice the distance of IC 348 and is immersed in a molecular cloud that
has extensive emission at 24µm. The 24µm point-like emission detected in NGC2264
is very likely originating from either thick disks or circumstellar envelopes, precluding
the identification of sources with thin outer disks (similar to those that were identified in
IC 348).
6.3 Summary
This chapter presents the results pertaining to the identification of disks in NGC2264
using sources from IRAC sample and the SED slope index, αIRAC. These are the main
results:
1. A total of 372 sources possessing circumstellar material were identified among the
IRAC sample: 116 sources possess anemic disks, 217 sources possess thick disks, 27
are flat spectrum sources, and 12 are Class I sources;
2. Of the 359 candidate members selected by radial velocity measurements by Fu˝re´sz
et al. (2006), 47% have circumstellar material (i.e., are either Class I sources, flat
spectrum sources, or sources with thick or anemic disks); specifically, 30.6% of the
sources have thick disks and 12.5% of the sources have anemic disks;
3. NIR+ IRAC color-color diagrams show a clear segregation between disk-bearing and
diskless sources; the unembedded disk-bearing sources lie on well defined loci.These
diagrams also show reddening gaps (most prominent in the (Ks-[8]) vs. (J-H)
diagram) corresponding to a dearth of embedded anemic sources;
4. A complete atlas of SEDs for the 1404 sources of the IRAC sample was built (and
presented in the appendix) - these SEDs were used to determine the extinction
toward sources with known spectral types by fitting synthetic photospheres to the
optical bands, and to directly compare the SEDs of disk-bearing sources;
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5. Median SEDs of sources with thick disks were built for six spectral type bins
(AF, G, K, M0-M1, M2-M3, and M4-M6) and compared to median SEDs of the
corresponding spectral type bins for sources in IC 348. The early type sources in
NGC2264 (AF, and K) show more disk emission, while the later type disk-bearing
sources in NGC2264 (SpT>M2) show more similar median SEDs although they still
have more disk emission than the corresponding sources in IC 348. The increased
disk emission indicate that the disks around early type stars (AF) are more flared
than those around later type sources in NGC2264 and around sources in IC 348; this
may be a tentative indication that the grain growth and dust settling rate among
disks around early type stars in NGC2264 is reduced.
6. Further comparison of the disk population of NGC2264 with that of IC 348
shows that the former has more disk-bearing sources around more massive sources
(SpT<K6), and more importantly, the NGC2264 cluster has a population of anemic
disks similar to that of IC 348 and very distinct from that of the Taurus star forming
region (which is relatively devoid of sources with anemic disks);
7. The disk fraction among NGC2264’s early type sources (SpT<K0) is 12.8%, while
it is 39.5% for sources K0-K6, 46.7% for sources K6-M2, and 54.6% for M2-M6
sources. The functional dependence on the spectral type of the disk frequency is
also found in IC 348, where it reaches a peak at K6-M2. This analysis for NGC2264
is complete only down to K6 sources, so the fractions corresponding to the later
type sources are upper limits; however, the functional dependence on the spectral
type of the disk frequency found is still consistent with IC 348’s;
8. There are 148 X-ray emitting sources identified by Chandra in the area surveyed
by IRAC: 42.6% were found to possess thick disks and 19.1% were found to possess
anemic disks, i.e., 61.7% of the X-ray sources in NGC2264 have disks. Of the
156 disk-bearing sources in the same area, only 55.1% were found to have X-ray
emission;
9. The combination of the equivalent Hα widths published by Dahm & Simon (2005)
with αIRAC lead to the identification of sources with either active (accreting) or
passive (non-accreting) thick disks; the majority of the sources with thick disks
were found to be accreting, a result that is consistent with that found in IC 348;
10. Among the sources with anemic IRAC disks, 18 were found to be accreting, as well
as 4 IRAC diskless sources. Of the sources with anemic accreting disks, 6 have
significant excess emission at 24µm indicating the presence of a thick outer disk -
these 6 sources are considered to be the progenitors of sources with transition disks
or disks with inner holes. One source with a transition disk was identified (1 of
the accreting diskless sources also has a thick outer disk according to the 24µm
emission); no 24µm data is available for the remaining 3 accreting diskless sources,
however, it is considered that they are also candidate transition disk sources.

Chapter 7
The formation of NGC2264
...
In the radiant field of NGC2264
great hordes of stars are forming,
just as we see every night,
fiery and faithful to the end.
...
Little Cosmic Dust Poem (adapted to NGC2264)
John Haines
The star formation history of NGC2264, Paula S. Teixeira, et al. 2008, in prep.
7.1 The spatial structure of NGC2264
7.1.1 The molecular cloud
Before proceeding to examine the spatial distributions of the disked sources in NGC2264,
it is enlightening to first study the structure of the molecular cloud associated with the
cluster itself; I therefore built a NIR dust extinction map of the region surrounding the
NGC2264 cluster, shown in Figure 7.1. The map was built using the same Near-Infrared
Color Excess (NICE) method and 2MASS1 H and Ks data (Skrutskie et al. 2006). For
a detailed explanation of the NICE method see Teixeira et al. (2005). 2MASS sources
with excess emission characteristic of circumstellar disks were identified in a (H − Ks)
vs. (J −H) diagram (e.g. Teixeira et al. 2004), and were removed from the dataset used
to build the aforementioned dust extinction map. Briefly, the visual extinction, AV, was
calculated for each star using the following equation:
AV = 15.93 [(H −Ks)observed − (H −Ks)intrinsic], (7.1)
1This publication makes use of data products from the Two Micron All Sky Survey, which is a joint
project of the University of Massachusetts and the Infrared Processing and Analysis Center/California
Institute of Technology, funded by the National Aeronautics and Space Administration and the National
Science Foundation.
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where (H−Ks)observed is the color of the (diskless) source observed towards the NGC2264
field and (H−Ks)intrinsic is the intrinsic stellar color measured from a control field. Figure
7.1 shows the location of the control field used, represented by a box on the eastern part
of the map. To determine (H − Ks)intrinsic, I built a histogram for the color of 2MASS
sources (see Figure 7.2) and found the median (H −Ks) color of stars in the control field
to be 0.169 magnitudes. The AV of each star in a pixel (2.5
′× 2.5′ box) was then averaged
to determine the extinction for that pixel.
Figure 7.1: Nyquist sampled, 2.5′ resolution, 2MASS dust extinction map of
the molecular cloud associated with NGC2264. The map is centered on
(α, δ)(J2000)=(6h41m02.6s, +09◦36′12.2′′), IRAS 12 or IRS 2 in the Spokes cluster. The
dashed contour corresponds to 4 magnitudes of visual extinction, while the solid contour
corresponds to 8 magnitudes of AV. The box on the eastern part of the map indicates
the size and location of the control field, while the larger box centered on the molecular
cloud represents the area surveyed by IRAC. The FLAMINGOS fields, also centered on
the cloud, are represented by boxes drawn with thicker lines.
The 2MASS dust map of Figure 7.1 shows a dense dust dusty lane, ridge, or filamentary
molecular cloud structure, located in an approximately North-South orientation. The
areas surveyed by FLAMINGOS and IRAC are also shown in the dust map (compare
with Figure 3.4); these are positioned along the molecular cloud. The area of the control
field is the same as that of the total area covered by the FLAMINGOS fields: 1265.48
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arcmin2. Since the 2MASS data is relatively shallow, it is unable to probe the densest
parts of the cloud which is why a pixel size of 2.5′ was used: a finer resolution (smaller
pixel size) yields a map with many “holes” corresponding to dense regions of the cloud
where 2MASS did not detect background sources. As a result of the lower resolution of
the dust map, the average AV calculated for each pixel may be an underestimate to the
actual extinction because the higher AV values are being diluted by those given by the
neighboring less extincted stars.
Figure 7.2: (H −Ks) histograms for the FLAMINGOS fields in NGC2264 (right panel)
and a 2MASS control field (left panel). The median and average colors are indicated for
each histogram by dashed and dotted lines, respectively.
The mass of the molecular cloud was determined from the 2MASS dust extinction
map, using the following equation (Eq. 3, Teixeira et al. 2005):
M = 1.8
(
beamsize
150′′
)2(
d
800
)2 n∑
i
AV (i) (M) (7.2)
For regions with AV ≥ 8 magnitudes, the mass obtained was 1.0× 103M, while for
regions with AV ≥ 4 magnitudes the determined mass was 2.8×10 3M.
I built a higher resolution (50′′) extinction map of the molecular cloud for the area
observed by FLAMINGOS. Following the same criteria as before, the sources used to
build this dust map do not have excess emission characteristic of disk emission (i.e., they
were removed if they were located on the right of the M dwarf reddening band in the
(H − Ks) vs. (J − H) color-color diagram). To reduce contamination from foreground
sources (that would erroneously lower the measured value of AV for each pixel in the dust
extinction map), I used only sources fainter than H=15 magnitudes. Figure 7.3 shows
the FLAMINGOS NIR dust extinction map obtained, with the location of three sources
(SMon, IRS 1, and IRS 2) marked to serve as spatial references. The dust map shows
some “holes”, in particular, one corresponding to the position of IRS 1 or Allen’s source
(∼ 11′ southeast of the center of the map); this hole is generated because IRS 1 is a bright
source that saturated at Ks and no good photometry could be extracted for the diskless
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sources in its immediate vicinity.
Comparison of the FLAMINGOS NIR dust map with 13CO and C18O maps obtained
by Ridge et al. (2003) (presented in Figures 2.4 and 2.5) shows remarkable agreement
on the structure of the molecular cloud, between the radio and NIR dust maps. In
particular, the molecular cloud component associated with the “Fox Fur Nebula” is clearly
recognizable in the dust extinction map. The densest regions correspond to the Spokes
cluster (on which Figure 7.3 is centered) and southwards towards IRS 1 or Allen’s source.
The mean and median visual extinction values derived from the FLAMINGOS NIR dust
map are 5.9 and 4.3 magnitudes, respectively. I will be comparing this map with the
spatial structure of the sources in NGC2264 in the following subsection.
The mass obtained from the FLAMINGOS NIR dust map, for regions with AV ≥ 8
magnitudes, is 5.8× 103M. This values is consistent with the mass determined by Ridge
et al. (2003) from their 13CO (1-0) map: 4.0× 103M. The CO observations may be
an underestimate of the mass of the cloud due to effects of uncertain chemistry, such as
depletion. Comparison of the masses derived from the 2MASS and FLAMINGOS dust
extinction maps shows how important it is to have a deep photometric NIR dataset to
build high resolution maps; a shallower dataset will underestimate the extinction (dilution
effects explained above) and subsequently underestimate the mass of the cloud.
7.1.2 The cluster
Before studying the spatial structure of the cluster, I will briefly estimate the size of the
stellar population using a statistical tool. As previously mentioned, the FLAMINGOS
NIR dust extinction map indicates that the molecular cloud associated with the cluster has
mean and median AV of 5.9 and 4.3 magnitudes, respectively. I have reddened the 2MASS
control field Ks-band Luminosity Function (KLF) by these two values, building two
reddened KLFs, and subsequently subtracted each one of them from the FLAMINGOS
KLF to statistically estimate the number of sources in excess that would thus be members
of the NGC2264 cluster. I opted for calculating the population using both the mean and
median values stated above, for these correspond to the lower and upper limits of the real
value.
Figure 7.4 shows two KLFs ( the FLAMINGOS KLF and the 2MASS KLF uniformly
reddened by AV=4.3 magnitudes), as well as the corresponding differential KLF. The
number of sources of the differential KLF is 1194 (Ks< 15.5mag). Using the same
procedure, but uniformly reddening the 2MASS KLF instead by AV=5.9 magnitudes
yields a population of 1677 sources (Ks< 15.5mag) within the same area of 1264.48
arcmin2. The size of the stellar population of the NGC2264 cluster (within this area)
is therefore estimated to be 1436±242. Lada et al. (1993) used this same method to
statistically determine the number of sources of NGC2264: they found 360±130 sources
(Ks< 13.5 magnitudes), albeit for a smaller area: 540 arcmin
2.
Chapter 6 presented analysis that identified 372 sources in the IRAC sample that
possess circumstellar material (envelopes, thick disks, or anemic disks). Of these, 366 are
brighter at Ks-band than 15.5 magnitudes. I can therefore estimate a rough value for the
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Figure 7.3: Dust extinction map of the molecular cloud associated with NGC2264. The
map is centered on (α, δ)(J2000)=(6h41m02.6s, +09◦36′12.2′′), IRAS 12 or IRS 2 in the
Spokes cluster. The spatial resolution is 50′′ and the contours range from 5 to 40
magnitudes in steps of 5 magnitudes. The sources IRS 1 and IRS 2 are represented by
filled circles, while the position of SMon is marked by a filled five-point star.
fraction of disked sources in NGC2264 (Class I, flat spectrum, Class II) by dividing 366
by the previously estimated size of the cluster, which gives a fraction of disked sources of
0.25±0.04. This estimated disk fraction is much lower than the disk fraction estimated
using the member list from Fu˝re´sz et al. (2006), discussed in § 6.1. The 0.25±0.04 disk
fraction is in fact an underestimate because the IRAC sample only includes sources that
were detected in all four IRAC bands. The IRAC band 3 (5.8µm) is not particularly
sensitive and may not detect all the sources detected by the more sensitive bands 1 and
2 (3.6µm and 4.5µm). The actual number of disked sources in NGC2264 is therefore
greater than the 372 that were detected in all the IRAC bands. To better determine a more
complete number of the disked sources in NGC2264, I used the Ks−[8] vs. J−H diagram
(see Figure 6.3b), plotting all the sources detected in the NIR bands and the 8µm IRAC
band, and I identified 523 sources (Ks≤15.5 magnitudes) with excess emission within the
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Figure 7.4: Comparison of the NGC2264 FLAMINGOS KLF (solid black line) with the
reddened 2MASS control field KLF (red hatched-line histogram). The histogram in the
inset shows the differential KLF, with 1094 sources.
area observed by FLAMINGOS. The estimated disk fraction for NGC2264 calculated
using these sources is therefore 37.5% ± 6.3%.
Assuming, for simplicity, that each source has 0.5M2, then the stellar mass of
NGC2264 is 718±121M. This value can be used to estimate the Star Formation
Efficiency (SFE) for NGC2264, which is defined as SFE=stellar mass/(stellar mass +
cloud mass). Using the mass of the (dense, AV > 8 magnitudes) molecular cloud that I
previously determined (5.8× 103M), and the estimated total stellar mass of the cluster,
the star formation efficiency of the cloud is approximately 10%. A more accurate estimate
of the total stellar mass can of course be obtained by using an appropriate IMF; another
caveat should be noted about this SFE: the statistically determined members are all
brighter than Ks=15.5 magnitudes, i.e. the fainter (deeply embedded young protostellar
and/or lower mass) members are not accounted for and so the stellar mass used is an
underestimate.
Having estimated the disk fraction in NGC2264 and the SFE, I shall now explore the
spatial distribution of the PMS stellar population. To begin this study I built a spatial
distribution plot of the accreting and non-accreting sources previously identified in Figure
2the peak of the IMF is 0.3M, but here I use the more realistic value of 0.5M for NGC2264 because
we are not complete down to 0.3M.
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Figure 7.5: Spatial distribution of non-accreting sources (black dots) and accreting sources
with: no inner disk (NP, orange crosses), anemic disk (AD, blue plus signs), and thick
disks (TD, red stars). The solid contour represents 8 magnitudes of visual extinction (see
Figure 7.3).
6.9; this plot is shown in Figure 7.5, where I also included a contour of 8 magnitudes of
visual extinction determined from the FLAMINGOS NIR dust map of Figure 7.3. As
can be seen, the majority of the sources are located within (or in front of) the molecular
cloud, irrespective of whether they are accreting or not. The cluster is thus relatively well
confined to the vicinity of the molecular cloud. The sources located outside of the contour
are mostly non-accreting diskless sources; if these sources are members of NGC2264, their
location could be an indication that they are older, having had time to disperse from their
natal environment - the fact that they are mostly diskless corroborates this interpretation
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of their age (enough time would have elapsed for the circumstellar disks to clear). Finally,
the spatial plot also shows that there are more accreting sources in the southern part of
the cluster. If accretion is to be taken as an indicator of youth, then the southern part
of NGC2264 is younger than the northern part. It should be noted that Dahm & Simon
(2005) found that the accreting sources located near SMon had a greater median age than
those located near IRS 1, in spite of a significant amount of dispersion in the ages of these
sources. I will return to the discussion of the actual ages further below.
Figure 7.5 also shows tentative evidence for triggered star formation: there is a tight
grouping of accreting sources with thick disks located on the edge of the Fox Fur Nebula
at approximately (α, δ)=(100.17, 9.85). As mentioned in § 2, the Fox Fur Nebula is a
clearly distinctive component of this molecular cloud complex, having VLSR=10 km s
−1
while the bulk of the molecular material has velocities ranging between 4 and 7 km s−1;
the morphology of the Fox Fur Nebula is also suggestive of it being interacting or even
colliding with the bulk of the cloud (see Figures 7.3 and 2.5). If this is indeed the case, then
one would expect the interface region of the two clouds (the north-south main filamentary
cloud and the Fox Fur Nebula) to have increased densities and be in unstable gravitational
equilibrium, subsequently collapsing and forming stars. The dust extinction map shows
indeed that the easternmost part of the Fox Fur Nebula has high column density. Another
possibility is that the O7 star SMon [(α, δ)=(100.245, 9.896)] and surrounding B-types
stars are driving a photoionizing front3 that is triggering the collapse of material at the
edge of the Fox Fur Nebula. Such a scenario is known as sequential star formation and
was first proposed by Elmegreen & Lada (1977); it has been successfully evoked to explain
the spatial distribution of star formation in the Rosette Complex by Roma´n-Zu´n˜iga et al.
(2008). Ultimately, both of the above scenarios are taking place in NGC2264, i.e., a dense
cloud colliding or merging into another cloud and being subject to intense photoionization
in the process.
To continue the study of the distribution of sources, particularly sources with thick
disks that were identified in § 6.1, I built a contour map that is shown in Figure 7.6.
Comparison of this surface density map with the FLAMINGOS NIR dust extinction map
of Figure 7.3 reveals that the majority sources with thick disks are located within (or
in front of) high density regions of the molecular cloud (AV' 25 magnitudes), in the
southern part near IRS 1 and IRS 2. This surface density map shows that the cluster
is hierarchically structured, confirming the results from Piche (1993) and Lada & Lada
(2003) that NGC2264 is divided into two clusters, a northern and southern one. Piche
(1993) found from their JHKs survey that the southern cluster has three sub-clusters,
while the northern cluster has two sub-clusters; Lada & Lada (2003) found that both the
northern and southern clusters are double. Figure 7.6 shows two peaks in the surface
density distribution of sources with thick disks in the northern part of NGC2264, and
three peaks int he southern part. Due to incompleteness in the number of sources with
disks in the vicinity of IRS 1, it is unclear if the southernmost peak may be connected to
the peak immediately north of it. The northwestern peak corresponds to the grouping of
sources being formed on the edge of the Fox Fur Nebula, mentioned above.
I divided the area observed of NGC2264 into three regions in order to ascertain any
3Balog et al. (2006) showed that SMon is responsible for photoevaporating a disk of a nearby source.
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Figure 7.6: Surface density map of sources with thick disks in NGC2264. The dotted
contours range from 0 to 0.153 in steps of 0.017 arcsec−2. The three marked regions are
defined in Table 7.1. The three sources marked for spatial reference are SMon, IRS 1, and
IRS 2.
differences in the PMS populations therein and to evaluate the relative ages of the regions;
the regions separate the northern cluster from the southern one, and further divide the
southern cluster into two. Table 7.1 presents the spatial boundaries of these three regions.
The highest density of sources with thick disks is in region 2, corresponding to the
Spokes cluster (discussed in chapter § 4). Reiterating what was said above regarding
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Region Range in Declination
(J2000)
1 10.02◦ - 9.72◦
2 9.72◦ - 9.54◦
3 9.54◦ - 9.28◦
Table 7.1: Definition of three regions in NGC2264. All of the regions range in Right
Ascension from 100.5 to 99.95◦ (J2000.0).
the correlation between the dust map and the surface density map of sources with thick
disks, region 1 has the lowest average column density (compare with the dust extinction
map), as well as the lowest density of sources with thick disks. Comparison with Figure
7.5 also shows that the northern region has lower quantity of accreting sources.
Figure 7.6 was built using sources with thick disks regardless of the amount of
reddening they suffer, however, it is insightful to build separate surface density maps
for embedded (AV ≥ 3 magnitudes) and unembedded surces with thick disks, for the
embedded population may show a different structure than the unembedded one. The
upper panels of Figure 7.7 shows these maps, and indeed the substructure of NGC2264 is
a function of embeddedness. There are two embedded subclusters in the South, centered
on IRS 1 and IRS 2 (one in region 2 and one in region 3), while there are three unembedded
subclusters in the south (one in region 2 and two in region 3), nearby but offset from the
IRS 1 and IRS 2 sources. These unembedded sub-clusters also appear to be slightly more
extended (i.e. the sources are more distributed) than the embedded ones. The upper
panel of Figure 7.7 shows that sources with thick disks in the northern cluster (region 1)
are unembedded.
The lower panel of Figure 7.7 shows the surface density maps of unembedded sources
with anemic disks and diskless sources. Both groups of sources do not show any
aggregation - the sources are pratically uniformly spread out throughout the field. These
two plots show that the substructure of NGC2264 is also function of circumstellar disk
thickness.
To compare the frequency of sources with either thick disks (fTD) for the three defined
regions in NGC2264, I defined the following fraction:
f ∗TD =
NTD
NTD +NAD
, (7.3)
where NTD corresponds to the number of sources with thick disks and NAD corresponds
to number of sources with anemic disks. The relative distribution of sources with
thick or anemic disks between the three regions in NGC2264 was then calculated to be
f ∗TD(region 1)=0.77, f
∗
TD(region 2)=0.83, and f
∗
TD(region 3)=0.74. The highest fraction
of sources with thick disks (and consequently lowest fraction of sources with anemic disks)
is in region 2, however this result should be interpreted with caution because the region
surrounding IRS 1 may have more disked sources than those identified in this work. This
bright infrared source saturated in the IRAC bands (see § 3.1), and is preventing the
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Figure 7.7: Grid of surface density maps of embedded sources with thick disks,
unembedded sources with thick or anemic disks, and unembedded diskless or naked
photosphere sources selected as candidate members by Fu˝re´sz et al. (2006). The three
sources marked for spatial reference are (North to South) SMon, IRS 1, and IRS 2 (see
Figure 7.6).
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detection of all the disked sources in the immediate surrounding area. The surface density
map of disked sources, shown in Figure 7.6, and the FLAMINGOS dust extinction map,
shown in Figure 7.3, both show IRS 1 located in-between density peaks - these “valleys”
could be artificially generated precisely because of the incomplete census of sources in its
immediate surroundings.
To further characterize the spatial distribution of the sources in NGC2264 I make
use of the statistical method Minumum Spanning Trees (MST) (Gower & Ross 1969),
initially used to study the filamentary structure of galaxy clusters (Barrow et al. 1985, and
references therein). This method has been refined and was first applied to star clusters by
Cartwright & Whitworth (2004), who also defined a new measure, Q, that quantifies the
substructuring of the cluster. It is beyond the scope of this dissertation to further develop
this statistical tool, I merely make use of it to describe the (sub)structure of NGC2264;
this particular analysis was done in collaboration with Dr. Schmeja. For a detailed
explanation of how to apply this method to star clusters, I refer the reader to Cartwright
& Whitworth (2004) and Schmeja & Klessen (2006). The MST are used to ascertain
the hierarchical nature of (or identify the substructuring in) the NGC2264 cluster. It is
expected that hierarchical clustering disappears with age as the stars dynamically interact
with each other. Briefly, the MST is a unique network of lines connecting a set of points
such that the total length of the lines is minimized and there are no closed loops. The
straight lines are commonly denoted by “edges” while the points (sources in NGC2264)
are referred to as “vortices”. I calculate four MST parameters: m¯ which is the normalized
mean edge length, s¯ which is the normalized mean separation length between vortices,
Q which is defined by m¯/s¯, and finally ξ which describes the elongation of the cluster
(introduced by Schmeja & Klessen 2006). Values of Q ≥0.8 corresponds to a centrally
condensed cluster with a volume density n ∝ r−α, whereas values of Q ≤0.8 correspond
to clusters possessing substructure quantified by a fractal dimension D′ (see Figure 5 of
Cartwright & Whitworth 2004). A spherical cluster has a ξ value of 1, while an elongated
cluster has greater values of ξ.
Figure 7.8 shows an ensemble of MST diagrams for four different sets of sources in
NGC2264, and the respective MST parameters are summarized in Table 7.2. The different
groups of sources correspond to (a) sources with thick disks, (b) sources with anemic
disks, (c) embedded sources (AV> 3 magnitudes) with either thick or anemic disks, and
(d) unembedded sources with either thick or anemic disks. Table 7.2 shows that only the
group of sources with anemic disks have a centrally condensed structure, which could be
interpreted as a indication that these sources are older and have started to disperse from
their birthsites. The embedded disked sources have the lowest value of Q, i.e., it is the
group presenting the most substructuring and since substructuring is an indicator of youth
(see chapter § 4), the group of embedded disked sources is consequently the youngest. All
groups of sources analyzed with the MST method show elongation, which could be merely
the reflection of star formation occuring along the North-South lane of dense molecular
material of the parental cloud (see Figure 7.3).
Yet another form of analysing the spatial distribution of sources within NGC2264 is
by building nearest neighbor separation diagrams for different groups of sources within
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(a) (b)
(c) (d)
Figure 7.8: Minimum spanning trees for NGC2264: (a) sources with thick disks, (b)
sources with anemic disks, (c) embedded disk-bearing sources, (d) unembedded disk-
bearing sources. This plot was generated by Dr. Schmeja.
the three defined regions of NGC2264. Figure 7.9 shows two such diagrams for sources
with thick and anemic disks in NGC2264. Comparison of the histograms (built using
sources in the entire area of NGC2264 observed by IRAC) unequivocally shows that
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Sources s¯ m¯ Q ξ notesa
sources with thick disks 0.73 0.56 0.76 1.43 2.4≥ D′ ≤2.8
sources with anemic disks 0.76 0.62 0.81 1.59 α ≈ 1
reddened disk-bearing sources 0.91 0.55 0.60 1.49 1.7≥ D′ ≤2.2
unreddened disk-bearing sources 0.78 0.61 0.78 1.40 2.4≥ D′ ≤2.8
Table 7.2: Parameters for the minimum spanning trees shown in Figure 7.8.
aThe radial density exponent, α, and the fractal dimension, D′, are estimated from Q
using Figure 5 from Cartwright & Whitworth (2004).
the sources with thick disks are more aggregated than sources with anemic disks -
this result confirms that drawn from the surface density maps previously shown. The
histograms show that the sources with thick disks have two peaks in their projected
nearest neighbor spatial separation, corresponding to characteristic spacings of 25′′±10′′
and 65′′±10′′. In chapter 4, I discussed how the spatial scaling in the Spokes cluster
(20′′±5′′) is remarkably similar to the region’s Jeans length and interpreted it as being
the fossil signature of thermal fragmentation. If two different regions of a molecular
cloud (or two distinct molecular clouds) have different densities or temperatures, then
their corresponding thermal fragmentation scales will also be different. It is therefore
feasible that the two spatial scalings shown in the distribution of the nearest neighbor
separations of sources with thick disks (25′′and 65′′) could correspond to two different
fragmentation scales of the molecular cloud. Figure 7.9 shows that sources with anemic
disks, on the other hand, do not have a characteristic spacing, i.e., they have an almost
homogeneous spread in separations ranging from 20′′ to 120′′. The small number statistics
requires some reservation in the interpretion of this histogram, but the absence of a distinct
peak could mean the sources with anemic disks could have had enough time to disperse
from their birthplace and any fossil signatures of thermal fragmentation would have been
subsequently erased.
Regarding the nearest neighbor separations for the three defined regions of NGC2264,
the sources with anemic disks do not show a significant difference in their separations for
the three different regions. The sources with thick disks, however, do show distinct nearest
neighbor (projected separation) distributions for the three different regions in NGC2264:
region 3 has the smallest nearest neighbor separations for sources with thick disks (peaks
at 15′′±10′′ and 35′′±10′′), followed by region 2 (peaks at 25′′±10′′ and 65′′±10′′), and
finally, region 1 has a peak in the distribution at 65′′±10′′ (coinciding with a smaller peak
of region 2). If these peaks correspond to a fragmentation scale, as hypothesized above,
then the molecular material in region 3 is denser and colder than that in region 1; region
2 appears to have densities and temperatures similar to region 3, and to a lesser extent,
region 1.
To complete my analysis on the spatial distribution of disked sources in NGC2264, I
made use of previously published radial velocity information (included in the ADC; Fu˝re´sz
et al. 2006) for 359 sources in the IRAC sample. Figure 7.10 shows the radial velocity
distribution for these sources, where the disked sources have velocities ranging from 9 to
28 km s−1 and diskless sources show a wider range in radial velocities, -40 to 60 km s−1.
The wider velocity spread for the diskless sources indicates that many of these are not
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Figure 7.9: Nearest neighbor separation distribution of sources in NGC2264 bearing thick
disks (left) or anemic disks (right). The bin size used is 10′′. The three different shaded
histograms correspond to the three different regions of NGC2264, as labeled, and the
vertical dotted lines correspond to the median values of nearest neighbor separations for
each region. For sources with thick disks, region 1 has median nearest neighbor separation
of 74′′±10′′, region 2 of 48′′±10′′, and region 3 of 48′′±10′′. For sources with anemic disks,
region 1 has median nearest neighbor separation of 89′′±10′′, region 2 of 84′′±10′′, and
region 3 of 113′′±10′′.
members of the NGC2264 cluster. The right panel shows that the three types of sources
(with thick disks, with anemic disks, or diskless) all have a peak in their radial velocity
distribution corresponding to ∼20 km s−1, which is taken to be the average velocity of
cluster members.
Figure 7.11 presents the same diagram but for the three different regions in NGC2264.
The median radial velocities for the sources in each region is presented in Table 7.3. The
median velocities show the extistence of a spatial velocity gradient - this gradient was
first identified by Fu˝re´sz et al. (2006), who found that the radial velocity of the sources
increases northwards (see their Figure 5). By using the 13CO observations from Ridge
et al. (2003), they identify three separate groups of sources: one in the north, termed A
(SMon region) that corresponds to region 1 defined in this work, a central group termed
B, and a southern group termed C (IRS 1 region) that corresponds to region 3 of this
work. Their region B overlaps with region C and covers region 2 and part of region 3 of
this work.
What the analysis presented in this section shows is that the velocity gradient is
a function of disk thickness, i.e., sources with thick disks show the greatest gradient
while diskless sources show the least. The nearest neighbor analysis suggests that sources
with thick disks may be tracing the original stellar birthing sites, so the different radial
velocities for these sources may indicate distinct clouds.
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Figure 7.10: Distribution of radial velocities for naked photosphere sources, and for sources
with thick or anemic disks. The right panel is a zoomed in plot of the region delimited
by dashed lines in the left panel.
Figure 7.11: Comparison of the radial velocity distribution for sources in the three defined
regions of NGC2264. The color-coding is the same as used in Figure 7.10.
7.2 The Hertzprung-Russell diagrams
The spatial distribution analysis presented in the previous section has allowed some
considerations to be drawn regarding the relative ages of different groups of sources in
NGC2264. This section explores the age spread in the cluster, i.e. the following analysis
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Region 1 Region 2 Region 3
diskless sources 20.7 19.8 19.5
sources with anemic disks 20.8 20.1 18.6
sources with thick disks 23.1 19.8 17.9
Table 7.3: Median radial velocity ( km s−1) for sources in the three defined regions of
NGC2264.
is meant to primarily quantify the relative ages of the different groups of sources.
There are numerous PMS isochrones and mass tracks available to conduct the following
analysis (e.g. Palla & Stahler 1993; D’Antona & Mazzitelli 1994; Baraffe et al. 1998),
however I chose to use the PMS model from Siess et al. (2000) since it is the most recent.
Furthermore, I chose to build H-R diagrams in the observational plane since most of the
sources in the IRAC sample do not have published spectral types and the absence of such
information precludes a good determination of stellar temperatures. There were several
observational planes I could use, however I opted to use the color-magnitude diagram
(I − Ks) vs. I for two main reasons. Firstly, many of the youngest embedded sources
do not have V -band detections, so I chose to use the I-band photometry for it is at a
longer wavelength and exists for more embedded sources in the IRAC sample. Secondly,
the abscissa of the H-R diagram needs to have a color that can sufficiently spread the
isochrones (reducing the degeneracy in age determination) and this is nicely achieved with
the (I −Ks) color because it is the most sensitive to stellar temperatures.
Figure 7.12 shows the first grid of H-R diagrams, corresponding to four groups
of sources, namely, (i) embedded sources (AV> 3 magnitudes) with thick disks, (ii)
unembedded sources (AV≤ 3 magnitudes) with thick disks, (iii) embedded sources with
anemic disks, and (iv) unembedded sources with anemic disks. These sources were
dereddened using the CTTS locus in a (Ks − [8]) vs. (J − H) diagram; the CTTS
locus was determined empirically and presented in the previous chapter, Table 6.2, and
the reddening law used is shown in Appendix D.
There seems to be a bigger spread in the ages of embedded sources with thick disks than
for unembedded sources with thick disks. A source with a thick disk that is embedded may
suffer two kinds of reddening: one caused by the molecular cloud in which it is embedded,
and the other possibly by the disk itself (if it is edge-on or close to edge-on). The latter
effect makes dereddening of embedded sources with thick disks particularly difficult and
may be the reason underlying the bigger dispersion in the H-R diagram. An edge-on
disk may cause an overestimate of the dereddening and the source may be pushed too far
to the left of the H-R diagram, appearing older (and more massive) than it actually is.
The great advantage of using the CTTS locus is that only color information is needed to
deredden the source, even though this method only works for late-type stars. It should
also be noted that the locus for M stars is slightly different than that of K stars, although
this error in the dereddening process is very small and thus negligible.
Sources in the IRAC sample that have published spectral types were dereddend by
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Figure 7.12: Hertzprung-Russell diagrams for embedded and unembedded sources, with
either thick or anemic disks. The ZAMS is represented by the thick line, while the
isochrones correspond to ages of 0.1, 0.5, 1, 3, 5, 7, and 9Myr. These sources were
dereddened using the CTTS locus, as described in the text.
a different process than that discussed above: their extinction values were determined
from finding the best fit of reddened synthetic photospheres to their Spectral Energy
Distributions (SEDs), as explained in § 6.2.1. Appendix B shows the individual fits
for these sources and the derived visual extinctions, AV. The H-R diagrams for these
dereddened sources are shown in Figure 7.13; the diagrams correspond to four groups of
sources: (i) embedded sources (AV> 3 magnitudes) with thick disks, (ii) unembedded
sources (AV≤ 3 magnitudes) with thick disks, (iii) embedded sources with anemic disks,
and (iv) embedded and unembedded diskless sources. These sources were dereddened
using the extinction values determined from fitting reddened synthetic photospheres to
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Figure 7.13: Hertzprung-Russell diagrams for NGC2264 sources. The ZAMS is
represented by the thick line, while the isochrones correspond to ages of 0.1, 0.5, 1, 3, 5,
7, and 9Myr. The upper right plot shows embedded sources with thick disks, the upper
left shows unembedded sources with thick disks, the lower right plot shows unembedded
sources with anemic disks, and finally, the lower right plot shows diskless sources that are
embedded (filled circles) and unembedded (star symbols). These sources were dereddened
using the SED photosphere fitting method, described in the text.
SEDs of sources with known spectral types (see § 6.2.1). The purpose of this set of four
diagrams is two-fold: to compare with the results given by Figure 7.12, and to study the
age spread of sources without disks.
Figures 7.12 and 7.13 were built so that ages of the sources, derived from independent
dereddening methods, could be directly compared. It should be noted that the
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(a)
(b)
Figure 7.14: Star formation history for NGC2264, (a) derived from the H-R diagrams of
Figure 7.12 and (b) derived from the H-R diagrams of Figure 7.13. The bin size used in
these histograms is 2Myr.
dereddening to the CTTS locus results in bigger errors and so the H-R diagrams of Figure
7.12 should have more dispersion than those of Figure 7.13.
To compare quantitatively the age spreads, or in other words, determine the star
formation history of the sources with disks in NGC2264, I built the histograms shown
in Figure 7.14. Each histogram has been normalized to the number of sources in that
particular group; sources younger than 1Myr and older than 9Myr were placed in those
age bins, respectively.
Both plots (a) and (b) agree that the youngest sources are those that are embedded
and possess thick disks: 45% of these sources have ages less or equal to 1Myr according
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to plot (a), while plot (b) indicates that 55% of these sources have ages less or equal to
1Myr. The unembedded sources with thick disks appear to be slightly older; diagram (a)
shows that 35% of them have ages equal to or smaller than 1Myr and ∼30% of them are
2Myr old. The histogram (b) shows that 50% of unembedded sources with thick disks
have ages of 2Myr. These diagrams show that the median age for embedded sources with
thick disks is 1Myr, while it is 2Myr ± 1Myr for unembedded disk-bearing sources.
7.3 Summary
This chapter presents results pertaining to the structure of the PMS population of
NGC2264; the main conclusions are:
1. From deep NIR FLAMINGOS photometry a 50′′ dust extinction map of the
molecular cloud associated with NGC2264 was built; for regions with AV > 8
magnitudes, the mass of the cloud was determined to be 5.8× 103M;
2. the size of NGC2264’s population (within the area surveyed by FLAMINGOS) was
found to be 1436±242. Assuming that each source has 0.5M, a rough estimate of
the star formation efficiency of the cloud is found to be 10%. Using the number of
disk-bearing sources determined in Chapter 6, the disk fraction in NGC2264 was
calculated to be 37.5% ± 6.3%;
3. The spatial distribution of sources in NGC2264 is a function of their extinction and
whether they possess thick disks:
- embedded sources with thick disks are located in dense aggregates around IRS 1
and IRS 2,
- unembedded sources with thick disks are located in the vicinity of IRS 1 and IRS 2,
but are also found in sub-clusterings around SMon and the Fox Fur Nebula,
- unembedded sources with anemic disks, or sources possessing no IRAC disks, are
more evenly distributed throughout the region;
4. Minimum spanning tree analysis shows that the spatial distribution of embedded
disk-bearing sources is substructured, while that of sources with anemic disks have
a centrally condensed structure. Substructured distributions are younger, while
distributions showing a centrally condensed profile have had time to evolve and
mix, and as such are older: this suggests that embedded sources with thick disks
are younger than sources with anemic disks;
5. Sources with thick disks in regions 2 and 3 (around IRS 2 and IRS 1, respectively)
have median nearest neighbor separations of 48′′±10′′, while sources with thick disks
in region 1 (around SMon) have median nearest neighbor separation of 74′′pm10′′.
The difference in these separations are likely due to differences in the density of the
parental cloud, since the density of the molecular cloud is higher in regions 2 and 3.
The nearest neighbor separations for sources with anemic disks for regions 1, 2, and
3 are 89′′±10′′, 84′′±10′′, and 113′′±10′′. The greater separation between sources
with anemic disks again indicate that these are older than sources possessing thick
disks;
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6. H-R diagrams were built for sources using two independent dereddening methods:
the CTTS locus for disk-bearing sources, and the SED photosphere fitting for sources
with known spectral types. Both sets of diagrams agree in the age distribution for
the different groups of sources, and they show that the median age for embedded
sources with thick disks is 1Myr, while it is 2Myr±1Myr for sources with anemic
disks.
7. The spatial distribution of the accreting sources is confined to the molecular cloud,
and is more concentrated in the southern part, near IRS 1 and IRS 2. There
is tentative evidence for triggered star formation to be occurring at the edge of
the Fox Fur Nebula; the triggering could be either the collision of clouds or the
photoionization shock front generated by the O7 star SMon and other nearby B-
type stars;
Chapter 8
Conclusions and future perspectives
We shall not cease from exploration, and the end of all our exploring will
be to arrive where we started and know the place for the first time.
Thomas Sterns Eliot
8.1 Conclusions
The Spitzer Space Telescope opened up a new era in the observational field of star
formation. I used imaging data from IRAC and MIPS to study the young hierarchical
cluster NGC2264 and characterize both its star formation history and its disked stellar
population. This chapter summarizes the conclusions reached and places them in context
of the current broader star formation paradigm.
The first result obtained from the Spitzer data was both completely new and
unexpected. Analysis of MIPS 24µm data enabled the discovery a very young (sub)cluster
of protostars (Class I sources) within NGC2264 (the Spokes cluster, discussed in chapter
4), deeply embedded within dense fingers of filamentary molecular material. These sources
are young enough to be tracing the primordial substructure of the cluster. Analysis of
the spatial distribution of the protostars in the Spokes cluster revealed a characteristic
spatial scaling within the region of 20′′±5′′ (0.08 pc±0.02 pc or 16000AU±4000AU). The
Jeans length for the region corresponds to 26′′(0.1 pc or 20800AU), implying that the
filaments in which the protostars were formed in had undergone thermal fragmentation.
This peculiar spatial scaling is only found for the youngest sources, so it is shown that
spatial substructuring may be used a strong indicator for youth.
Within the Spokes cluster, we also discovered that a particular core (D-MM1) has
fragmented further into a dense grouping of even younger protostars (Class 0), as discussed
in chapter 5. By analyzing 230GHz high-resolution SMA continuum data of D-MM1
we found that the sources have envelopes with masses that range between 0.4 and
1.2M, with geometrical radii ranging between 448AU and 816AU. The (projected)
average separations of these sources is 6.9′′ (0.026 pc or 5520AU) and their average
nearest neighbor separations is 2.3′′ (0.009 pc or 1840AU). The Jeans length for D-MM1
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corresponds to 5.9′′ (0.023 pc or 4740AU) so it is not entirely clear if thermal fragmentation
occurred within D-MM1: the mean separations of the sources seem to suggest so, but this
is not confirmed by the mean nearest neighbor separations. Nevertheless, our finding
holds within it an interesting implication, specifically, that there are two distinct scales
of fragmentation in the Spokes cluster: one that formed D-MM1 and a second associated
with the fragmentation of the D-MM1 core itself. These two fragmentation length scales
are clearly correlated with the mean density in those regions (the length scale is inversely
proportional to the density), as would be expected if fragmentation was dominated by
thermal physics. The Spokes cluster could be one of several building blocks of NGC2264,
and will likely expand and disperse its members through the surrounding region, adding
to the rest of NGC2264’s stellar population.
The Spitzer telescope detected 1404 sources towards NGC2264 in all four IRAC bands.
The unique wavelength coverage offered by IRAC (filters λeff of 3.6µm, 4.5µm, 5.8µm,
and 8µm) allowed the identification of 372 sources possessing excess emission that is
arising from dusty circumstellar material; IRAC is particularly well suited to probe the
inner circumstellar dust disk. Analysis of the IRAC SED slope, αIRAC, enabled the
segregation of these sources into four categories: 116 sources have anemic disks, 217
sources have thick disks, 27 are flat-spectrum sources, and 12 are protostellar Class I
sources. The estimated disk fraction for NGC2264 is 37.5%±6.3%, and is a function of
spectral type: we find that the disk fraction monotonically increases for later spectral
types.
Median SEDs of sources with thick disks were built, for several spectral types; these
SEDs were then compared to those of sources with thick disks in IC 348. We found that
sources with spectral types M0-M1 show extremely similar SED and may thus have similar
disk properties; later type sources (SpT >M2) in NGC2264 have disks with slightly more
emission at all four IRAC bands. The comparison of median SEDs also showed that the
early type (AF) NGC2264 sources with thick disks have significantly more disk emission
than their IC 348 counterparts. We interpret this increased emission as due to an increased
flaring of the disks and reduced grain growth and dust settling rates. These results also
appear to indicate that dust settling rates for later type stars is higher. A more detailed
analysis is warranted to explore this particular result and will be carried out in the near
future - it will consist of SED modeling for every disk-bearing source in NGC2264 using
the publicly available tool provided by Robitaille et al. (2007).
The disk-bearing sources were studied in terms of their accretion activity using archival
data consisting of Hα equivalent widths. We found that the majority of the sources (64)
with thick IRAC disks were actively accreting, as were also approximately half of the
sources (18) with anemic IRAC disks and a very small fraction of sources with no IRAC
disk (4 sources). While it is probable to find IRAC disks that are not accreting (passive
disks), it is rare to find an accreting disk with no inner dust. Of the accreting sources
with anemic IRAC disks, 6 were found to have thick outer MIPS disks, and 1 accreting
source with no IRAC disk was also found to have a thick outer MIPS disk. Disks with
inner holes (i.e., absence of IRAC disk and presence of thick MIPS disk) are transition
disks were giant planet formation is thought to be occurring. We have identified one such
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source, and the other 3 accreting sources with no IRAC disks are also candidates (no
24µm data is available to confirm the presence of the outer disk) for having transition
disks. The sources with anemic IRAC disks and thick MIPS disks could hypothetically
be progenitors for sources with transition disks if the following scenario is correct: dust
settling and grain growth would occur at a faster rate in the inner thick disk, causing
it to evolve into an anemic inner disk, while the outer disk remains thick. During this
phase planet formation would be occurring in the inner disk and the remainder of the
dust would be swept up by the planetary bodies, opening a gap that would grow into an
inner hole. Recently a giant planet was discovered within the transition disk of TW Hya
(Setiawan et al. 2008), so such a scenario remains plausible.
We found that the disk-bearing sources populate distinct loci in NIR+IRAC color-
color diagrams; the Ks-[8] vs. (J−H) diagram was subsequently used to deredden sources
with disks enabling their placement on H-R diagrams and their age determination. The
NIR+IRAC color-color diagrams show a clear dearth of embedded sources with anemic
disks. Four H-R diagrams were built corresponding to embedded (AV> 3 magnitudes)
sources with thick IRAC disks, unembedded sources with thick IRAC disks, embedded
sources with anemic IRAC disks, and unembedded sources with anemic IRAC disks.
We found that median age for sources with embedded thick disks is 1Myr±1Myr
(∼42%), 32% of embedded sources with thick disks are 1Myr±1Myr old and ∼30%
are 2Myr±1Myr old, and anemic disks have a median age of 2Myr±1Myr.
A complete atlas of the SEDs of the 1404 sources detected in all four IRAC bands
was built and is presented in Appendix B, along with the IRAC photometry table. The
SEDs for a subset of sources with known spectral types were fitted to reddened synthetic
photospheres to determine the source’s visual extinction value; these sources were then
appropriately dereddened and also placed on H-R diagrams. Four new H-R diagrams were
then built, corresponding to embedded and unembedded sources with thick IRAC disks,
unembedded sources with anemic IRAC disks, and sources possessing no IRAC disk. The
diagrams also shows that the median age for embedded sources with thick disks is 1Myr,
unembedded sources with thick disks have median ages of 2Myr, and sources with anemic
disks have median ages of 2Myr. Both sets of H-R diagrams indicate that the youngest
sources are those that are embedded and possess thick disks, and that the unembedded
thick disk-bearing sources are ∼Myr older. The diagrams also appear to indicate that
the sources with anemic disks are of the same age or older than the unembedded sources
with thick disks. This age analysis therefore suggests an evolutionary trend as follows:
an embedded source with a thick disk will evolve into an unembedded source with a
thick disk (after the surrounding parental cloud material disperses, through the action
of molecular outflows and jets for example), and then evolve into an unembedded source
with an anemic disk. Such a scenario would explain why there are very few embedded
sources with anemic disks (shown by the NIR+IRAC color-color diagrams).
The structure of the NGC2264 cluster was determined from the analysis of the spatial
distributions of sources according to the type of disk they possessed or not (thick disk vs.
anemic disk), and according to the amount of visual extinction measured towards each
individual source (i.e., whether the sources are embedded or unembedded). We find that
the spatial distributions of (i) reddened sources with thick disks, (ii) unreddened sources
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with thick disks, and (iii) sources with anemic disks, have particular spatial distributions:
the transition from (i) to (iii) corresponds to one where the initially substructured, highly
concentrated distributions give way to a more expanded, less substructured configuration,
and finally to a more spread out distribution with no particular structure. If a source
were to spend a comparable amount of time in each of this stages, (i), (ii), or (iii), and if
we assume that each stage corresponds to a more evolved phase, then a more distributed
population would correspond to an older population. This would mean there are at least
two consecutive epochs of star formation in NGC2264.
There are two different theoretical processes or scenarios by which a molecular cloud
ultimately forms a stellar cluster (e.g. Stahler & Palla 2005): the first process consists of
dynamical fragmentation (i.e., fragmentation during the free-fall collapse of the cloud),
while the second process consists of a slower quasi-static contraction of the cloud. It could
be that both processes occur at different stages of the evolution of the molecular cloud. A
slow quasi-static contraction of a cloud will act to enhance density fluctuations, allowing
clumps and cores to form and accumulate mass; the cores will continue to accrete matter
during the cloud’s contraction until they become gravitationally unstable and undergo
collapse themselves. The dynamical fragmentation scenario, on the other hand, is one
where the cloud undergoes global collapse (as turbulence dissipates and neither magnetic
nor thermal pressure is sufficient to support it) and breaks up into layers and filaments (e.g.
Bate et al. 2002). The results obtained for the NGC2264 cluster seem to corroborate the
latter scenario since it is a hierarchical cluster, with three separate subclusters (a northern
one near SMon, the Spokes cluster centered on IRS 2, and a southern one centered on
IRS 1 or Allen’s source).
It is tempting and plausible to offer the following picture of the star formation history
of NGC2264. Comparison of the nearest neighbor separations of the three regions in
NGC2264 seem to suggest that the northern region formed stars from a less dense (region
of the) molecular cloud. The sources in this region are older, for most of them do not
possess thick disks (see Figure 7.6) and are the sources are unembedded, so the first epoch
of star formation occurred in region 1.
The southern part of the cloud could have continued to contract and reach higher
densities (the nearest neighbor separations of sources with thick disks in regions 2 and
3 are smaller possibly implying that these sources formed in denser regions) before
fragmenting and undergoing the second epoch of star formation. Evidence for hierarchical
fragmentation is given by the spatial structure of protostars in the Spokes cluster (and
the D-MM1 core therein embedded) - the relative youth of the sources permitted them
to maintain the primordial spatial configuration of the cloud in which they formed. The
northern part of the cluster has a more distributed population of sources meaning that
these have had time to wander from their birthsites erasing any remnants of underlying
parental cloud structure.
As the molecular cloud disperses after spawning several subclusters, these will expand
and dynamically evolve; the stellar population will mix and eventually form a more
centrally condensed cluster. Such a sequence of events has been previously invoked to
explain the formation and evolution of the ONC by Lada et al. (2004) and of IC 348
by Muench et al. (2007). The fact that there is no prominent substructuring in the
spatial distribution of sources in the northern part of the NGC2264 cluster, and that the
older population of diskless sources and sources with anemic disks are more distributed
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throughout the cluster, may indicate that the same process is occurring in NGC2264.
The difference in ages found among embedded and unembedded PMS sources combined
with their spatial distribution (given by the MST analysis, for example) add further to
this argument.
8.2 Future directions
8.2.1 Placing constraints on fragmentation models
The Spokes cluster, and the DMM-1 core in particular, are ideal to study the
fragmentation process of filaments and cores. Chapter 4 showed that thermal pressure is
important in the formation of the Spokes cluster, however, one particular question has
yet to be answered: why did the fragmentation process continue for DMM-1 and not for
the remaining cores within the Spokes cluster? To answer this question it is necessary to
(i) resolve all the cores in the Spokes cluster to search for unresolved and/or lower mass
sources and thus be certain of the absence of fragmentation in the remaining cores, and
(ii) understand the fragmentation process of DMM-1 itself. These are two avenues that
will be guiding my near-future research, as I explain below.
Resolving the multiple sources in the Spokes cluster I have begun acquiring high
resolution imaging in the NIR and in the MIR for D-MM1 and one other core in the Spokes
cluster, with the Mid-InfraRed Array Camera (MIRAC) mounted on the 6.5m MMT at
4.9µm and 8.8µm, and with NACO and VISIR on 8m ESO Very Large Telescope (VLT)
telescopes at 3.8µm, 11.85µm, and 17.65µm. Preliminary results indicate that a second
core within the Spokes cluster may have undergone fragmentation. Regarding DMM-1,
these data seem to indicate that SMA-1, a Class 0 source with 0.4M envelope Teixeira
et al. (2007), is a binary.
Velocity dispersion of the protostars in DMM-1 Presently, I am also reducing
continuum 230GHz Submillimeter Array (SMA) data for other protostellar sources in
the Spokes cluster. This will allow me to identify potential Class 0 sources and constrain
the envelope masses for the Class I sources already identified. By modeling the SED of
these individual sources, using publicly available tools (Robitaille et al. 2007), I will
be able to compare the accretion rates of the protostars embedded in the filaments.
Such information would be interesting to compare with what is predicted theoretically by
competitive accretion models (e.g., Bonnell et al. 2001).
To further study the subfragmentation process I have obtained high spectral resolution
of the sources discovered in DMM-1 (discussed in § 5) at 345GHz with the SMA. We have
the data in our possession and will commence working on it in the very near future.
The aim of these observations is to meaure the velocity dispersion of the protostars and
compare it with theoretical predictions from cluster formation (Li & Nakamura 2006) and
competitive accretion models (Bonnell et al. 2001).
A longer term project I am embarking on is a multiwavelength protostellar binary
survey (PROBIS). Of the several contemporary problems in star formation awaiting
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resolution, one in particular has been emphasized by the extant observational results
obtained from the Spitzer Space Telescope: What is the binarity or multiplicity fraction
among clustered protostars? Recent studies indicate that the multiplicity fraction among
Class I (and flat spectrum) protostars (30% - 40%) is approximately twice as what is
found, for the same separations, among more evolved field stars Ducheˆne et al. (2007).
If this result is confirmed, then it is quite intriguing for it raises the question of how
these multiple systems get disrupted; environment could play an important part in this
disruption. NGC2264 is an superb target for such a study for it has a dense microcluster of
protostars (4×104 pc−3) Teixeira et al. (2007) that may be interacting. The other regions
I propose to survey, Serpens, IC 348, and NGC1333, are also highly clustered (Winston
et al. 2007; Muench et al. 2007; Gutermuth et al. 2007) and thus excellent targets.
PROBIS could lead to the understanding of (i) the protostellar multiplicity fraction, (ii)
how protostellar binarity varies as a function of mass, (iii) how protoplanetary disks and
outflows evolve in binary systems, and (iv) how protobinary systems dynamically evolve
and possibly disrupt. These are all important questions that have yet to be completely
answered.
8.2.2 Searching for the Rosetta stone of planet formation
Spectroscopic features of protoplanetary disks in NGC2264
During the final phase of my doctoral research, we acquired InfraRed Spectrometer
(IRS) spectral maps for the Spokes cluster. These data will identify interesting
spectroscopic features of envelopes and disks of protostars and PMS stars, such as silicate
emission or absorption features, H2O, and CO2 bands. Furthermore, the IRS data provides
continuum measurements that will be added to the SEDs and allow more precise modeling.
These data are particularly important for the determination of inner disk holes, since these
could be the signature of clearing of the disk caused by planet formation. The size and
shape of the silicate feature will also allow the study of grain growth (Bouwman et al.
2008) and directly compare it for the different disks. This project (P.I. Charles Lada) is
underway and will build on the results presented in this dissertation for the young stellar
objects in NGC2264.
Identifying debris disks in NGC2547 NGC2547 is a ∼ 25Myr old cluster that was
observed by the Spitzer Space Telescope’s IRAC and MIPS onboard detectors (Young
et al. 2004). Analysis of these data revealed a late-type star, M4.5, with significant excess
emission at 24µm - interpreted as a debris disk signature. This source is quite unique, for
there are very few late-type sources older than 10Myr that are known to possess debris
disks; AU Microscopii (e.g., Augereau & Beust 2006) is an example of these rare sources.
As follow-up work, we have obtained IRS data to characterize the disk of this source in
NGC2547. The IRS data has been combined with the extant NIR, IRAC, and MIPS
data to build its SED, that was modeled using the radiation transfer code of Whitney
et al. (2003b), Whitney et al. (2003a), Robitaille et al. (2007). The results of this study
is being written up and will be submitted in the near future. The importance of studying
this particular source lies in the fact that at this age planet formation could be well under
way. For comparison purposes, it is currently accepted that the Moon was formed from a
collision when the Sun was ∼ 30Myr old. Kenyon & Bromley (2002) show that collisional
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processes between protoplanetary bodies generates enough dust to be detectable using
current detector technology.
Searching for debris disks around planet host stars More than 200 extra-solar
planets have been discovered so far, and some asteroid belts are beginning to be identified
in extra-solar systems (e.g., Moerchen et al. 2007). The natural next step would then be
to search for sources possessing both debris disks and planets. This is a project that I
would like to be involved in for it promises to provide crucial observational constraints
for planet formation theoretical models.

Appendix

Appendix A
IRAC photometry catalog
Table A.1: Photometric catalog for the IRAC sample catalog, summarizing the source
ID, coordinate, and IRAC magnitudes.
ID R.A. Dec. m[3.6] σ[3.6] m[4.5] σ[4.5] m[5.8] σ[5.8] m[8] σ[8]
(J2000) (J2000) (mag) (mag) (mag) (mag) (mag) (mag) (mag) (mag)
0 6h41m18.40s +9◦39′41.5′′ 12.10 0.02 12.06 0.01 11.95 0.02 11.60 0.03
1 6h41m1.80s +9◦38′41.0′′ 10.97 0.02 11.03 0.02 10.77 0.01 10.63 0.03
2 6h40m56.80s +9◦37′48.7′′ 10.91 0.02 10.75 0.02 10.45 0.01 9.44 0.01
3 6h40m56.20s +9◦36′31.0′′ 8.86 0.02 8.47 0.02 7.92 0.01 6.89 0.01
4 6h41m6.20s +9◦36′23.1′′ 10.10 0.02 9.91 0.02 9.70 0.01 9.38 0.04
5 6h41m11.00s +9◦35′55.9′′ 10.34 0.02 9.92 0.02 9.51 0.02 8.65 0.02
6 6h40m34.50s +9◦35′18.2′′ 12.05 0.01 11.92 0.01 11.67 0.01 11.22 0.02
7 6h40m37.90s +9◦34′54.1′′ 11.30 0.02 11.09 0.02 10.91 0.02 10.43 0.04
8 6h41m14.80s +9◦34′13.5′′ 10.37 0.02 9.90 0.02 9.53 0.02 8.77 0.02
9 6h41m1.40s +9◦34′7.7′′ 11.47 0.02 11.40 0.02 11.32 0.01 11.06 0.02
10 6h41m18.30s +9◦33′53.4′′ 11.40 0.02 11.39 0.02 11.38 0.01 10.97 0.02
11 6h41m9.00s +9◦33′45.5′′ 11.31 0.02 11.05 0.02 10.66 0.01 9.59 0.02
12 6h41m21.00s +9◦33′36.1′′ 10.49 0.02 10.27 0.02 9.98 0.01 9.25 0.01
13 6h40m53.60s +9◦33′24.5′′ 10.72 0.02 10.63 0.02 10.43 0.01 10.24 0.03
14 6h40m47.10s +9◦32′40.1′′ 10.96 0.02 10.71 0.02 10.37 0.01 9.67 0.01
15 6h40m59.50s +9◦35′11.0′′ 9.61 0.02 9.29 0.02 8.88 0.01 8.12 0.01
16 6h40m42.20s +9◦33′37.2′′ 9.04 0.02 8.76 0.01 8.31 0.02 7.55 0.02
17 6h41m1.00s +9◦32′44.1′′ 8.31 0.02 8.06 0.02 7.82 0.01 7.17 0.01
18 6h40m39.30s +9◦34′45.7′′ 7.86 0.02 7.26 0.02 6.65 0.02 5.74 0.02
19 6h40m58.80s +9◦39′19.0′′ 12.43 0.02 12.33 0.01 12.08 0.02 11.15 0.03
20 6h40m55.30s +9◦39′58.6′′ 11.53 0.02 11.23 0.02 10.85 0.01 9.97 0.02
21 6h40m59.50s +9◦39′6.5′′ 11.22 0.02 10.78 0.02 10.38 0.01 9.53 0.01
22 6h41m13.40s +9◦38′13.6′′ 11.03 0.02 10.70 0.02 10.30 0.01 9.57 0.01
23 6h40m56.40s +9◦35′53.5′′ 10.04 0.02 9.64 0.02 9.29 0.02 8.53 0.01
24 6h40m44.60s +9◦32′25.9′′ 12.56 0.02 12.52 0.01 12.43 0.02 12.35 0.09
25 6h41m13.30s +9◦31′50.4′′ 10.95 0.02 10.60 0.02 10.17 0.01 9.37 0.01
26 6h40m59.30s +9◦33′24.8′′ 9.16 0.01 8.57 0.02 8.11 0.01 7.15 0.01
27 6h40m48.60s +9◦35′57.7′′ 8.11 0.02 7.30 0.02 6.63 0.02 5.63 0.02
28 6h40m59.30s +9◦35′52.6′′ 6.52 0.02 5.98 0.02 5.42 0.02 4.84 0.02
29 6h41m8.20s +9◦34′8.9′′ 11.03 0.02 10.69 0.01 10.32 0.01 9.37 0.01
30 6h41m6.00s +9◦39′14.4′′ 12.20 0.02 11.97 0.01 11.60 0.01 10.84 0.01
31 6h40m51.90s +9◦37′55.7′′ 11.77 0.02 11.15 0.02 9.56 0.02 7.82 0.02
32 6h41m1.60s +9◦37′28.5′′ 12.37 0.01 12.01 0.02 11.87 0.03 11.33 0.08
33 6h40m37.00s +9◦39′9.9′′ 12.43 0.01 12.41 0.01 12.21 0.03 11.62 0.07
34 6h41m8.20s +9◦38′30.1′′ 10.18 0.02 9.64 0.02 9.18 0.02 8.40 0.01
35 6h41m19.30s +9◦38′6.9′′ 11.14 0.02 10.76 0.02 10.46 0.01 9.82 0.01
36 6h41m15.20s +9◦37′57.5′′ 12.13 0.02 11.83 0.02 11.52 0.01 10.56 0.02
37 6h41m11.90s +9◦37′43.9′′ 11.29 0.02 10.86 0.02 10.24 0.01 9.51 0.01
38 6h41m3.00s +9◦37′35.7′′ 10.29 0.02 9.89 0.02 9.55 0.02 8.85 0.01
39 6h41m8.20s +9◦36′56.4′′ 10.62 0.02 10.38 0.02 9.94 0.01 9.44 0.01
40 6h40m49.90s +9◦36′49.6′′ 10.47 0.02 10.24 0.02 9.95 0.01 9.22 0.01
41 6h41m18.90s +9◦35′54.3′′ 13.11 0.01 12.84 0.01 12.65 0.03 12.23 0.06
42 6h41m0.00s +9◦35′0.9′′ 11.73 0.01 11.15 0.02 10.68 0.01 9.83 0.01
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ID R.A. Dec. m[3.6] σ[3.6] m[4.5] σ[4.5] m[5.8] σ[5.8] m[8] σ[8]
(J2000) (J2000) (mag) (mag) (mag) (mag) (mag) (mag) (mag) (mag)
43 6h41m25.60s +9◦34′42.7′′ 11.47 0.02 11.21 0.02 10.79 0.01 9.96 0.01
44 6h40m57.00s +9◦33′1.1′′ 10.99 0.02 10.33 0.02 9.46 0.02 8.12 0.01
45 6h40m59.20s +9◦31′50.2′′ 12.67 0.01 12.66 0.01 12.36 0.03 11.63 0.07
46 6h40m49.20s +9◦37′36.2′′ 11.06 0.02 10.73 0.02 10.27 0.01 9.16 0.02
47 6h40m42.30s +9◦39′21.4′′ 8.38 0.02 8.46 0.02 8.47 0.02 8.44 0.01
48 6h40m58.60s +9◦36′39.2′′ 13.39 0.01 12.70 0.02 11.78 0.03 10.47 0.03
49 6h41m10.30s +9◦34′21.6′′ 10.72 0.02 9.99 0.02 9.29 0.02 8.47 0.01
50 6h40m49.20s +9◦37′14.5′′ 13.40 0.01 13.05 0.01 12.59 0.03 11.47 0.05
51 6h41m7.40s +9◦35′20.8′′ 10.80 0.02 10.30 0.02 9.54 0.01 8.60 0.01
52 6h40m52.30s +9◦34′57.0′′ 13.77 0.01 12.10 0.01 10.81 0.07 9.52 0.01
53 6h40m37.30s +9◦35′42.8′′ 5.31 0.02 5.28 0.02 5.13 0.02 4.98 0.02
54 6h41m4.00s +9◦35′38.5′′ 11.44 0.01 10.88 0.01 10.19 0.01 9.45 0.03
55 6h40m50.40s +9◦35′35.8′′ 13.39 0.01 12.90 0.01 12.59 0.04 11.66 0.07
56 6h40m52.40s +9◦34′31.1′′ 13.67 0.01 12.93 0.01 12.30 0.03 11.54 0.06
57 6h40m47.10s +9◦42′7.6′′ 12.16 0.02 12.00 0.01 11.69 0.02 11.02 0.05
58 6h40m57.80s +9◦41′20.1′′ 10.21 0.02 9.77 0.02 9.30 0.02 8.68 0.02
59 6h41m7.80s +9◦41′15.0′′ 11.67 0.02 11.75 0.02 11.75 0.01 11.68 0.02
60 6h41m3.40s +9◦40′44.6′′ 11.88 0.02 11.89 0.01 11.85 0.01 11.73 0.04
61 6h40m42.20s +9◦40′11.4′′ 11.43 0.02 11.30 0.02 11.20 0.01 10.59 0.05
62 6h41m36.20s +9◦39′21.0′′ 12.64 0.02 12.69 0.01 12.67 0.03 12.81 0.07
63 6h41m28.80s +9◦38′38.5′′ 10.64 0.02 10.32 0.02 9.93 0.02 8.63 0.02
64 6h41m32.50s +9◦38′7.2′′ 11.36 0.02 11.37 0.02 11.37 0.01 11.33 0.02
65 6h40m55.40s +9◦37′23.5′′ 11.62 0.02 11.65 0.01 11.59 0.02 11.52 0.06
66 6h40m28.60s +9◦35′48.0′′ 11.78 0.02 11.93 0.01 11.75 0.02 11.63 0.03
67 6h41m9.50s +9◦35′25.8′′ 11.34 0.02 11.51 0.02 11.35 0.01 11.27 0.04
68 6h41m27.20s +9◦35′6.3′′ 11.49 0.02 11.55 0.02 11.52 0.01 11.60 0.04
69 6h41m2.60s +9◦35′13.1′′ 12.01 0.01 12.05 0.01 11.99 0.02 11.99 0.07
70 6h40m30.90s +9◦34′40.5′′ 9.55 0.01 9.37 0.02 8.97 0.02 8.21 0.01
71 6h41m23.80s +9◦33′56.3′′ 10.39 0.02 10.60 0.02 10.44 0.01 10.48 0.02
72 6h41m17.90s +9◦33′36.8′′ 11.59 0.02 11.72 0.02 11.61 0.01 11.74 0.06
73 6h40m59.40s +9◦33′32.9′′ 10.16 0.02 9.84 0.02 9.65 0.01 8.83 0.01
74 6h40m42.80s +9◦33′34.8′′ 11.23 0.02 11.05 0.02 10.87 0.01 10.58 0.03
75 6h41m14.50s +9◦33′21.2′′ 11.50 0.02 11.48 0.02 11.38 0.01 11.12 0.03
76 6h40m42.40s +9◦32′20.0′′ 12.32 0.01 12.37 0.01 12.27 0.03 11.58 0.08
77 6h41m19.60s +9◦31′44.4′′ 11.05 0.02 11.00 0.02 10.96 0.01 10.84 0.03
78 6h41m3.50s +9◦31′18.4′′ 10.98 0.02 11.07 0.02 11.00 0.01 11.00 0.02
79 6h40m37.20s +9◦31′9.4′′ 12.10 0.02 12.12 0.01 12.06 0.01 12.10 0.03
80 6h40m28.80s +9◦31′1.4′′ 10.08 0.02 9.75 0.02 9.29 0.02 8.08 0.02
81 6h41m27.00s +9◦30′12.9′′ 12.66 0.01 12.70 0.01 12.61 0.02 11.80 0.04
82 6h41m16.70s +9◦29′52.5′′ 9.35 0.01 8.98 0.01 8.58 0.02 7.42 0.01
83 6h40m38.20s +9◦29′52.1′′ 12.42 0.02 12.35 0.01 12.03 0.01 11.16 0.01
84 6h41m17.70s +9◦29′26.1′′ 10.95 0.02 11.02 0.01 10.92 0.05 10.82 0.04
85 6h41m0.50s +9◦29′15.9′′ 10.59 0.02 10.24 0.02 10.05 0.01 9.57 0.01
86 6h41m17.90s +9◦29′1.0′′ 11.20 0.02 10.93 0.01 10.31 0.02 9.35 0.01
87 6h40m58.90s +9◦28′52.3′′ 11.72 0.02 11.56 0.02 11.38 0.01 10.87 0.03
88 6h40m51.60s +9◦28′44.3′′ 11.25 0.02 11.08 0.02 10.96 0.01 10.35 0.02
89 6h41m16.80s +9◦27′30.2′′ 11.03 0.02 10.75 0.02 10.66 0.01 10.10 0.01
90 6h41m9.80s +9◦27′12.3′′ 10.45 0.02 10.45 0.02 10.24 0.01 10.48 0.08
91 6h41m15.80s +9◦26′17.0′′ 10.30 0.02 10.48 0.02 10.32 0.01 10.41 0.04
92 6h41m13.20s +9◦26′10.5′′ 9.83 0.01 9.38 0.02 9.13 0.03 8.67 0.09
93 6h40m58.80s +9◦30′57.5′′ 9.79 0.02 9.65 0.02 9.41 0.02 8.61 0.01
94 6h41m6.80s +9◦27′32.6′′ 7.96 0.02 7.70 0.02 7.28 0.01 6.43 0.01
95 6h40m43.40s +9◦28′40.3′′ 12.08 0.02 12.06 0.02 11.79 0.01 11.26 0.02
96 6h41m11.60s +10◦2′23.2′′ 11.07 0.02 11.13 0.02 11.15 0.01 11.05 0.01
97 6h41m10.90s +10◦0′40.5′′ 11.67 0.02 11.62 0.02 11.69 0.01 11.69 0.03
98 6h41m32.00s +10◦0′24.3′′ 12.17 0.02 12.15 0.01 12.15 0.01 12.01 0.03
99 6h41m3.60s +10◦0′35.2′′ 12.26 0.02 12.28 0.01 12.22 0.02 12.09 0.03
100 6h40m46.40s +9◦59′46.3′′ 12.38 0.01 12.45 0.01 12.44 0.02 12.55 0.08
101 6h41m0.20s +9◦58′49.4′′ 11.15 0.02 11.17 0.02 11.23 0.01 11.26 0.03
102 6h39m48.20s +9◦59′5.8′′ 9.45 0.01 9.63 0.02 9.57 0.02 9.44 0.01
103 6h41m7.30s +9◦58′31.3′′ 11.55 0.02 11.58 0.02 11.57 0.01 11.48 0.01
104 6h41m53.10s +9◦58′3.1′′ 10.08 0.02 9.77 0.02 9.43 0.02 8.87 0.02
105 6h40m25.70s +9◦58′35.6′′ 10.98 0.02 11.06 0.02 11.10 0.01 10.98 0.01
106 6h41m3.90s +9◦58′9.4′′ 11.79 0.02 11.86 0.02 11.79 0.01 11.70 0.04
107 6h41m10.70s +9◦57′42.6′′ 11.83 0.02 11.49 0.02 11.12 0.01 10.34 0.01
108 6h40m13.70s +9◦56′30.5′′ 10.60 0.02 10.00 0.02 9.30 0.02 8.11 0.02
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(J2000) (J2000) (mag) (mag) (mag) (mag) (mag) (mag) (mag) (mag)
109 6h39m49.80s +9◦56′21.3′′ 8.63 0.02 8.72 0.01 8.59 0.02 8.49 0.01
110 6h40m20.30s +9◦56′6.2′′ 10.61 0.02 10.32 0.02 9.67 0.02 8.76 0.01
111 6h41m13.80s +9◦55′43.9′′ 10.78 0.02 10.81 0.02 10.84 0.01 10.74 0.01
112 6h40m50.60s +9◦54′57.3′′ 10.64 0.02 10.56 0.02 10.44 0.01 10.01 0.02
113 6h40m37.50s +9◦54′58.1′′ 10.09 0.02 10.13 0.02 10.10 0.01 10.02 0.01
114 6h40m46.70s +9◦54′24.6′′ 11.10 0.02 11.18 0.02 11.08 0.01 10.96 0.05
115 6h40m22.20s +9◦54′28.9′′ 11.17 0.02 11.19 0.02 11.17 0.01 11.17 0.06
116 6h41m51.50s +9◦53′42.9′′ 11.54 0.02 11.61 0.02 11.58 0.01 11.51 0.02
117 6h41m4.50s +9◦53′18.3′′ 11.75 0.02 11.62 0.02 11.26 0.01 10.04 0.01
118 6h40m59.20s +9◦53′7.7′′ 11.26 0.02 11.30 0.02 11.36 0.02 11.40 0.05
119 6h41m9.20s +9◦53′1.6′′ 12.48 0.01 12.53 0.01 12.43 0.02 12.16 0.05
120 6h40m41.10s +9◦52′56.5′′ 10.16 0.02 9.87 0.02 9.28 0.02 8.62 0.01
121 6h41m5.80s +9◦52′47.6′′ 11.96 0.02 12.14 0.01 11.97 0.02 11.96 0.06
122 6h41m12.80s +9◦52′43.0′′ 11.91 0.01 12.02 0.01 11.96 0.02 11.90 0.03
123 6h41m12.60s +9◦52′30.9′′ 9.40 0.01 9.06 0.02 8.86 0.02 8.38 0.02
124 6h41m9.50s +9◦51′50.0′′ 11.21 0.02 11.14 0.02 11.08 0.01 10.62 0.02
125 6h41m4.40s +9◦51′50.0′′ 10.00 0.02 10.14 0.02 10.06 0.01 10.05 0.01
126 6h41m5.10s +9◦51′44.3′′ 11.80 0.02 11.86 0.01 11.86 0.01 11.98 0.06
127 6h41m22.00s +9◦51′12.7′′ 12.50 0.01 12.62 0.01 12.47 0.02 12.41 0.04
128 6h40m45.50s +9◦51′23.1′′ 9.99 0.02 10.06 0.02 9.95 0.01 9.84 0.02
129 6h40m55.70s +9◦51′13.7′′ 11.74 0.01 11.47 0.02 10.75 0.03 9.56 0.05
130 6h41m53.20s +9◦50′47.2′′ 11.59 0.02 11.39 0.02 11.01 0.01 10.30 0.01
131 6h40m41.30s +9◦51′2.1′′ 10.88 0.02 10.65 0.02 10.22 0.02 9.45 0.05
132 6h40m39.10s +9◦50′58.6′′ 9.58 0.02 9.24 0.02 8.90 0.01 8.44 0.03
133 6h41m5.00s +9◦50′46.0′′ 10.44 0.02 10.30 0.02 10.12 0.01 9.61 0.02
134 6h40m36.50s +9◦50′45.7′′ 10.98 0.02 10.79 0.02 10.33 0.02 9.65 0.05
135 6h40m5.20s +9◦50′56.8′′ 11.89 0.02 11.99 0.02 11.56 0.02 11.22 0.04
136 6h41m56.30s +9◦50′6.0′′ 9.92 0.02 9.98 0.02 9.97 0.02 9.91 0.01
137 6h40m30.60s +9◦50′15.3′′ 10.55 0.02 10.41 0.02 9.92 0.01 9.39 0.01
138 6h40m41.80s +9◦49′52.3′′ 12.22 0.01 12.19 0.01 12.17 0.03 11.92 0.09
139 6h40m47.50s +9◦49′29.1′′ 9.43 0.01 9.34 0.02 8.96 0.01 8.20 0.01
140 6h40m6.00s +9◦49′42.7′′ 11.96 0.02 11.77 0.02 11.42 0.02 10.60 0.04
141 6h40m54.30s +9◦49′20.5′′ 10.92 0.01 10.50 0.02 9.95 0.02 8.77 0.04
142 6h41m4.00s +9◦49′8.9′′ 11.56 0.02 11.63 0.01 11.60 0.02 11.43 0.03
143 6h41m5.10s +9◦48′47.9′′ 11.73 0.02 11.81 0.02 11.79 0.02 11.81 0.04
144 6h41m31.60s +9◦48′32.8′′ 11.50 0.02 11.55 0.02 11.50 0.01 11.50 0.02
145 6h41m4.30s +9◦48′21.7′′ 11.73 0.02 12.03 0.01 11.78 0.01 11.68 0.03
146 6h41m5.80s +9◦48′17.3′′ 10.02 0.02 9.78 0.02 9.57 0.02 8.95 0.01
147 6h41m2.90s +9◦47′54.3′′ 11.33 0.02 11.40 0.02 11.40 0.01 11.60 0.03
148 6h39m55.60s +9◦47′31.5′′ 11.42 0.02 11.41 0.02 11.45 0.01 11.34 0.02
149 6h40m53.60s +9◦47′4.5′′ 11.89 0.02 11.65 0.02 11.51 0.03 11.11 0.06
150 6h41m15.40s +9◦46′39.5′′ 11.25 0.02 11.33 0.02 11.29 0.01 11.40 0.03
151 6h40m59.30s +9◦46′16.7′′ 10.65 0.02 10.52 0.02 10.23 0.01 9.60 0.02
152 6h41m20.50s +9◦45′35.6′′ 11.97 0.02 11.88 0.01 11.86 0.01 11.87 0.04
153 6h41m21.80s +9◦45′31.0′′ 12.16 0.02 12.17 0.01 12.19 0.02 12.31 0.04
154 6h41m37.30s +9◦45′6.7′′ 11.45 0.02 11.28 0.02 10.94 0.01 9.77 0.01
155 6h41m0.50s +9◦45′3.6′′ 10.85 0.02 10.60 0.02 10.49 0.01 10.16 0.01
156 6h40m52.90s +9◦44′54.7′′ 10.81 0.02 10.52 0.02 10.09 0.01 9.35 0.02
157 6h40m51.20s +9◦44′46.1′′ 8.64 0.02 8.35 0.02 8.11 0.01 7.61 0.01
158 6h41m51.50s +9◦44′9.9′′ 12.59 0.02 12.67 0.01 12.58 0.03 12.48 0.05
159 6h39m56.80s +9◦44′25.1′′ 8.60 0.02 8.71 0.01 8.60 0.02 8.50 0.02
160 6h41m48.90s +9◦43′13.2′′ 8.25 0.02 8.39 0.02 8.25 0.01 8.12 0.02
161 6h41m58.00s +9◦43′6.3′′ 11.94 0.02 12.05 0.01 11.99 0.02 12.04 0.04
162 6h40m48.90s +9◦43′25.6′′ 10.44 0.02 9.98 0.02 9.46 0.01 8.55 0.01
163 6h39m56.40s +9◦43′31.4′′ 12.62 0.02 12.69 0.01 12.73 0.02 12.70 0.05
164 6h41m48.10s +9◦42′43.2′′ 10.85 0.02 10.91 0.02 10.90 0.01 10.82 0.01
165 6h41m1.70s +9◦42′42.8′′ 12.11 0.02 11.74 0.02 11.16 0.01 10.15 0.03
166 6h41m47.40s +9◦42′0.3′′ 12.53 0.01 12.54 0.01 12.49 0.02 12.56 0.04
167 6h40m29.80s +9◦42′21.2′′ 11.13 0.02 10.93 0.02 10.51 0.01 10.01 0.02
168 6h40m29.00s +9◦42′16.9′′ 11.90 0.02 12.05 0.01 11.87 0.02 11.68 0.09
169 6h40m9.60s +9◦41′43.8′′ 10.91 0.02 11.03 0.02 10.93 0.01 10.97 0.02
170 6h41m43.80s +9◦40′50.1′′ 10.04 0.02 9.81 0.02 9.69 0.02 8.81 0.02
171 6h39m46.70s +9◦40′53.8′′ 11.15 0.02 11.18 0.02 11.10 0.01 11.10 0.02
172 6h41m18.90s +9◦39′44.0′′ 13.22 0.01 13.29 0.01 13.27 0.04 13.12 0.07
173 6h40m10.30s +9◦38′54.8′′ 11.37 0.02 11.34 0.02 11.38 0.01 11.34 0.05
174 6h40m11.10s +9◦38′6.0′′ 10.86 0.02 10.69 0.02 10.32 0.01 9.57 0.01
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175 6h40m21.00s +9◦36′32.2′′ 10.95 0.02 11.07 0.02 10.95 0.01 10.83 0.01
176 6h40m1.10s +9◦35′33.6′′ 12.72 0.02 12.77 0.01 12.71 0.02 12.62 0.03
177 6h40m24.20s +9◦34′12.4′′ 11.10 0.02 10.59 0.02 10.24 0.01 9.26 0.01
178 6h41m39.60s +9◦33′19.9′′ 12.86 0.01 12.90 0.01 12.89 0.03 13.07 0.06
179 6h41m41.20s +9◦32′42.7′′ 11.61 0.02 11.68 0.02 11.69 0.01 11.59 0.01
180 6h41m38.80s +9◦32′11.6′′ 10.90 0.02 10.58 0.02 10.39 0.01 9.73 0.01
181 6h40m1.40s +9◦31′5.9′′ 10.91 0.02 10.97 0.02 10.92 0.01 10.85 0.01
182 6h39m56.20s +9◦30′46.0′′ 12.28 0.02 12.30 0.01 12.34 0.01 12.22 0.03
183 6h41m50.00s +9◦29′32.0′′ 11.87 0.02 11.93 0.01 11.89 0.01 11.81 0.02
184 6h40m52.70s +9◦28′43.6′′ 12.46 0.02 12.15 0.02 11.89 0.02 11.17 0.02
185 6h40m23.10s +9◦27′42.3′′ 10.86 0.02 10.60 0.02 10.40 0.01 9.86 0.01
186 6h41m31.10s +9◦26′58.3′′ 9.19 0.01 8.93 0.01 8.65 0.02 7.95 0.01
187 6h39m59.20s +9◦27′24.5′′ 11.75 0.02 11.70 0.02 11.46 0.01 10.91 0.01
188 6h39m47.70s +9◦26′6.7′′ 11.20 0.02 11.27 0.02 11.22 0.01 11.29 0.01
189 6h41m42.90s +9◦25′8.2′′ 11.72 0.02 11.67 0.02 11.25 0.01 10.48 0.02
190 6h41m4.50s +9◦25′18.0′′ 11.70 0.02 11.80 0.02 11.71 0.02 11.42 0.05
191 6h41m6.20s +9◦25′3.0′′ 11.68 0.02 11.48 0.02 11.21 0.01 10.57 0.03
192 6h41m4.30s +9◦24′52.1′′ 10.67 0.02 10.44 0.02 9.89 0.02 9.07 0.02
193 6h40m13.60s +9◦24′49.4′′ 10.42 0.02 10.47 0.02 10.46 0.01 10.38 0.01
194 6h40m44.10s +9◦23′54.8′′ 12.38 0.02 12.58 0.01 12.35 0.02 12.49 0.05
195 6h41m8.80s +9◦23′43.1′′ 10.67 0.02 10.70 0.02 10.65 0.01 10.64 0.05
196 6h40m49.30s +9◦23′50.4′′ 11.78 0.02 11.75 0.02 11.64 0.01 11.41 0.01
197 6h41m4.00s +9◦23′31.1′′ 11.55 0.02 11.55 0.02 11.47 0.01 11.42 0.03
198 6h40m36.40s +9◦22′44.6′′ 10.84 0.02 10.92 0.02 10.85 0.01 10.77 0.01
199 6h40m5.50s +9◦22′26.0′′ 12.13 0.02 11.99 0.02 11.76 0.01 11.08 0.01
200 6h40m36.70s +9◦22′5.2′′ 11.21 0.02 11.28 0.02 11.25 0.01 11.20 0.01
201 6h40m38.80s +9◦21′38.7′′ 13.04 0.01 13.12 0.01 13.05 0.03 13.16 0.06
202 6h40m14.00s +9◦20′28.3′′ 11.22 0.02 11.30 0.02 11.26 0.01 11.15 0.01
203 6h40m50.20s +9◦20′2.1′′ 11.69 0.02 11.79 0.01 11.70 0.01 11.67 0.02
204 6h40m13.40s +9◦19′27.5′′ 12.92 0.01 12.99 0.01 12.97 0.03 13.04 0.05
205 6h40m36.30s +9◦18′57.5′′ 11.67 0.02 11.68 0.02 11.64 0.01 11.59 0.02
206 6h39m52.30s +9◦19′9.7′′ 10.46 0.02 10.61 0.02 10.41 0.01 10.40 0.01
207 6h40m47.10s +9◦18′33.2′′ 12.20 0.02 12.23 0.01 12.23 0.02 12.20 0.03
208 6h40m58.00s +9◦18′3.0′′ 12.70 0.02 12.91 0.01 12.82 0.02 12.88 0.06
209 6h40m2.70s +9◦18′19.9′′ 11.74 0.02 11.97 0.01 11.83 0.01 11.83 0.02
210 6h40m46.00s +9◦17′58.5′′ 12.33 0.02 12.35 0.01 12.32 0.02 12.02 0.03
211 6h40m26.20s +9◦38′1.3′′ 10.81 0.02 10.97 0.02 10.74 0.06 10.93 0.04
212 6h41m54.50s +9◦29′15.7′′ 8.65 0.02 8.73 0.01 8.74 0.01 8.75 0.01
213 6h41m12.90s +9◦26′15.1′′ 8.75 0.02 8.33 0.02 8.09 0.01 7.38 0.02
214 6h41m46.50s +9◦43′6.8′′ 12.31 0.04 12.38 0.01 12.32 0.02 12.43 0.04
215 6h40m46.10s +9◦49′17.4′′ 9.44 0.01 9.55 0.01 9.47 0.02 9.38 0.03
216 6h40m31.40s +9◦41′29.5′′ 8.25 0.02 8.38 0.02 8.24 0.01 8.21 0.01
217 6h40m12.60s +10◦5′40.1′′ 10.65 0.02 10.47 0.02 9.98 0.01 9.40 0.01
218 6h40m23.70s +9◦55′24.2′′ 11.11 0.02 10.70 0.02 10.38 0.01 9.66 0.01
219 6h41m2.90s +9◦53′52.6′′ 12.63 0.02 12.59 0.01 12.58 0.03 12.53 0.04
220 6h40m18.70s +9◦37′1.0′′ 10.71 0.02 10.42 0.02 10.06 0.01 9.43 0.01
221 6h40m14.20s +9◦34′28.1′′ 11.86 0.02 11.57 0.02 11.29 0.01 10.50 0.01
222 6h40m41.00s +9◦27′53.6′′ 12.32 0.01 12.22 0.01 12.07 0.02 11.54 0.04
223 6h41m7.10s +9◦12′38.7′′ 11.47 0.02 10.99 0.02 10.85 0.01 10.00 0.01
224 6h41m18.10s +9◦38′25.1′′ 12.68 0.01 12.64 0.01 12.61 0.03 12.71 0.08
225 6h41m15.70s +9◦38′17.9′′ 11.46 0.02 11.56 0.02 11.56 0.01 11.34 0.04
226 6h40m55.60s +9◦38′24.5′′ 12.72 0.01 12.59 0.01 12.36 0.03 12.10 0.07
227 6h40m48.30s +9◦36′38.8′′ 11.76 0.02 11.93 0.01 11.78 0.01 11.73 0.04
228 6h41m4.30s +9◦35′33.3′′ 12.79 0.01 12.26 0.01 11.59 0.02 10.77 0.03
229 6h40m28.90s +9◦33′5.7′′ 12.52 0.02 12.53 0.01 12.52 0.02 12.40 0.03
230 6h41m14.80s +9◦32′35.7′′ 11.13 0.02 11.16 0.02 11.11 0.02 11.13 0.07
231 6h40m59.50s +9◦29′51.9′′ 11.37 0.02 11.11 0.02 10.81 0.01 9.88 0.01
232 6h40m52.10s +9◦29′13.5′′ 12.17 0.02 11.82 0.02 11.37 0.01 10.61 0.03
233 6h40m58.40s +9◦27′24.8′′ 12.57 0.01 12.20 0.01 12.31 0.03 12.36 0.08
234 6h41m3.40s +9◦30′5.3′′ 11.70 0.02 11.29 0.02 11.69 0.04 11.35 0.09
235 6h40m58.10s +9◦36′53.2′′ 11.27 0.02 11.02 0.02 10.65 0.01 10.02 0.02
236 6h41m3.60s +9◦30′29.1′′ 11.24 0.02 11.05 0.02 10.53 0.01 9.77 0.01
237 6h40m32.40s +10◦1′51.9′′ 9.44 0.01 9.42 0.02 9.42 0.02 9.37 0.01
238 6h41m5.20s +10◦0′19.0′′ 11.90 0.02 11.87 0.01 11.77 0.01 11.67 0.02
239 6h41m53.80s +9◦59′28.7′′ 11.92 0.02 11.93 0.02 11.88 0.01 11.88 0.03
240 6h40m25.60s +9◦59′59.9′′ 12.17 0.02 11.93 0.01 11.26 0.01 10.61 0.01
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241 6h40m23.70s +9◦59′51.5′′ 9.51 0.01 9.52 0.02 9.53 0.02 9.36 0.02
242 6h41m37.30s +9◦58′37.4′′ 12.55 0.02 12.58 0.01 12.59 0.02 12.55 0.04
243 6h41m41.20s +9◦57′40.2′′ 11.90 0.02 11.98 0.01 11.90 0.01 12.00 0.03
244 6h40m49.20s +9◦57′38.8′′ 12.08 0.02 12.10 0.01 12.09 0.02 11.91 0.07
245 6h39m46.10s +9◦58′2.9′′ 12.83 0.01 12.95 0.01 12.82 0.04 12.67 0.07
246 6h39m51.30s +9◦57′53.1′′ 12.41 0.02 12.49 0.01 12.48 0.02 12.42 0.06
247 6h40m47.70s +9◦57′17.9′′ 13.25 0.01 13.03 0.01 12.71 0.03 11.90 0.05
248 6h40m32.20s +9◦57′21.9′′ 13.21 0.01 12.97 0.01 12.64 0.02 11.85 0.03
249 6h41m45.00s +9◦56′11.3′′ 12.49 0.02 12.52 0.01 12.52 0.02 12.46 0.03
250 6h41m24.20s +9◦56′9.2′′ 10.90 0.02 10.89 0.02 10.84 0.01 10.68 0.01
251 6h40m16.30s +9◦56′28.7′′ 10.68 0.02 10.66 0.02 10.55 0.01 10.46 0.01
252 6h41m28.70s +9◦55′30.2′′ 11.50 0.02 11.42 0.02 11.43 0.01 11.36 0.03
253 6h40m11.40s +9◦55′48.2′′ 12.24 0.02 12.25 0.01 12.13 0.02 11.89 0.06
254 6h40m59.30s +9◦55′20.1′′ 9.13 0.02 9.08 0.01 8.68 0.02 8.08 0.02
255 6h40m4.60s +9◦55′38.2′′ 12.18 0.02 12.31 0.01 12.08 0.02 11.79 0.07
256 6h40m25.50s +9◦54′32.7′′ 11.68 0.02 11.14 0.02 10.60 0.01 9.59 0.01
257 6h41m6.40s +9◦54′10.9′′ 12.01 0.02 12.03 0.02 11.98 0.01 11.81 0.03
258 6h41m36.70s +9◦53′38.0′′ 12.64 0.01 12.62 0.01 12.57 0.02 12.65 0.04
259 6h41m5.10s +9◦53′48.2′′ 10.70 0.02 10.25 0.02 9.71 0.02 8.79 0.01
260 6h40m54.90s +9◦53′12.2′′ 11.73 0.02 11.24 0.02 10.90 0.01 10.08 0.03
261 6h40m37.20s +9◦53′10.3′′ 11.63 0.01 11.25 0.02 10.87 0.03 9.98 0.06
262 6h41m8.90s +9◦53′1.3′′ 12.30 0.01 12.04 0.01 11.58 0.01 10.65 0.01
263 6h40m50.80s +9◦52′57.6′′ 13.04 0.01 12.69 0.01 12.55 0.03 11.79 0.08
264 6h41m56.20s +9◦52′21.8′′ 11.08 0.02 11.15 0.02 11.10 0.01 11.03 0.01
265 6h41m47.80s +9◦52′2.4′′ 10.80 0.02 10.88 0.02 10.79 0.01 10.62 0.01
266 6h40m8.70s +9◦52′32.9′′ 11.31 0.02 11.40 0.02 11.25 0.01 11.12 0.03
267 6h40m31.10s +9◦52′10.5′′ 10.00 0.02 9.92 0.02 9.76 0.01 9.95 0.04
268 6h41m18.40s +9◦51′32.4′′ 12.35 0.01 12.34 0.01 12.27 0.02 12.42 0.05
269 6h41m2.60s +9◦51′2.8′′ 13.03 0.01 13.04 0.01 12.89 0.03 12.43 0.07
270 6h40m25.90s +9◦50′57.7′′ 11.27 0.02 11.07 0.02 10.41 0.02 9.72 0.06
271 6h41m1.90s +9◦50′3.6′′ 12.83 0.01 12.51 0.01 12.32 0.02 11.79 0.05
272 6h40m3.10s +9◦50′8.4′′ 10.95 0.02 11.14 0.02 10.98 0.01 10.99 0.02
273 6h40m33.10s +9◦49′54.9′′ 11.09 0.02 10.63 0.02 9.85 0.01 8.79 0.02
274 6h40m32.00s +9◦49′35.8′′ 11.97 0.01 11.65 0.01 11.24 0.02 10.31 0.03
275 6h41m24.20s +9◦48′30.8′′ 12.91 0.01 12.60 0.01 12.41 0.02 11.80 0.02
276 6h39m48.30s +9◦48′52.3′′ 11.83 0.02 11.93 0.02 11.94 0.02 11.88 0.03
277 6h41m18.50s +9◦48′9.5′′ 10.73 0.02 10.70 0.02 10.57 0.01 10.46 0.02
278 6h41m42.10s +9◦47′36.5′′ 9.28 0.01 9.32 0.02 9.36 0.02 9.33 0.01
279 6h41m50.90s +9◦47′25.6′′ 10.57 0.02 10.58 0.02 10.50 0.01 10.43 0.01
280 6h41m6.70s +9◦47′27.7′′ 12.31 0.02 12.03 0.01 11.94 0.01 11.15 0.02
281 6h40m59.90s +9◦47′4.2′′ 11.53 0.02 11.25 0.02 10.99 0.01 10.52 0.03
282 6h41m50.50s +9◦46′1.6′′ 8.68 0.02 8.70 0.01 8.57 0.02 8.48 0.02
283 6h41m47.40s +9◦45′50.1′′ 12.30 0.02 12.26 0.01 12.23 0.01 12.27 0.04
284 6h40m5.20s +9◦46′18.4′′ 10.15 0.02 10.36 0.02 10.13 0.01 10.20 0.02
285 6h41m13.90s +9◦45′42.6′′ 13.19 0.01 13.28 0.01 13.25 0.04 13.12 0.07
286 6h41m8.90s +9◦45′27.5′′ 10.82 0.02 10.76 0.02 10.61 0.01 10.51 0.01
287 6h40m49.20s +9◦44′40.2′′ 10.52 0.02 9.94 0.02 9.40 0.01 8.57 0.02
288 6h41m4.80s +9◦44′33.4′′ 11.94 0.02 11.49 0.02 10.91 0.01 10.01 0.01
289 6h41m7.80s +9◦44′3.1′′ 11.29 0.02 11.41 0.02 11.34 0.01 11.38 0.03
290 6h39m47.20s +9◦44′29.4′′ 11.68 0.02 11.67 0.02 11.71 0.01 11.59 0.02
291 6h40m8.50s +9◦44′13.4′′ 11.79 0.02 11.83 0.02 11.80 0.02 11.70 0.04
292 6h41m0.70s +9◦43′13.0′′ 9.47 0.01 9.57 0.02 9.40 0.02 9.34 0.01
293 6h41m48.20s +9◦42′53.3′′ 12.97 0.01 13.06 0.01 13.11 0.04 12.94 0.06
294 6h41m30.70s +9◦42′59.2′′ 12.88 0.01 12.96 0.01 12.86 0.03 12.86 0.07
295 6h41m32.70s +9◦42′50.5′′ 12.61 0.01 12.20 0.01 11.86 0.02 11.04 0.04
296 6h40m13.10s +9◦43′16.1′′ 11.90 0.02 11.95 0.02 11.88 0.02 11.76 0.06
297 6h40m1.30s +9◦43′0.6′′ 9.86 0.02 8.89 0.01 8.02 0.01 7.04 0.01
298 6h41m53.70s +9◦42′3.2′′ 12.53 0.02 12.60 0.01 12.60 0.03 12.50 0.04
299 6h40m1.20s +9◦42′36.4′′ 13.30 0.01 13.39 0.01 13.18 0.05 12.92 0.07
300 6h41m41.40s +9◦40′53.6′′ 9.84 0.02 9.86 0.02 9.81 0.02 9.72 0.01
301 6h41m37.50s +9◦40′40.7′′ 12.54 0.02 12.51 0.01 12.46 0.02 12.34 0.05
302 6h41m15.50s +9◦40′13.0′′ 12.32 0.02 12.34 0.01 12.34 0.02 12.11 0.05
303 6h40m25.90s +9◦39′1.6′′ 10.51 0.02 10.64 0.02 10.49 0.01 10.55 0.04
304 6h40m45.30s +9◦38′47.1′′ 11.67 0.02 11.61 0.02 11.47 0.01 11.35 0.05
305 6h41m4.60s +9◦38′31.1′′ 11.84 0.02 11.58 0.02 11.00 0.01 10.07 0.01
306 6h40m50.20s +9◦37′25.5′′ 11.34 0.02 11.39 0.02 11.34 0.02 11.40 0.08
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307 6h40m9.00s +9◦37′14.8′′ 12.22 0.02 12.34 0.01 12.00 0.01 12.10 0.03
308 6h41m25.70s +9◦36′40.0′′ 11.33 0.02 11.21 0.02 11.20 0.01 11.18 0.01
309 6h40m8.00s +9◦36′39.1′′ 12.22 0.01 12.26 0.01 12.14 0.02 12.21 0.04
310 6h41m40.70s +9◦35′58.1′′ 12.98 0.01 13.04 0.01 12.96 0.03 12.91 0.06
311 6h39m51.10s +9◦36′32.9′′ 12.83 0.01 12.80 0.01 12.79 0.02 12.84 0.05
312 6h41m31.40s +9◦35′28.3′′ 12.35 0.01 12.28 0.01 12.15 0.02 12.17 0.08
313 6h41m34.30s +9◦34′42.5′′ 9.43 0.01 9.35 0.02 9.30 0.02 9.21 0.01
314 6h40m4.80s +9◦34′46.6′′ 10.89 0.02 10.93 0.02 10.98 0.01 10.86 0.01
315 6h40m23.10s +9◦34′26.4′′ 11.23 0.02 11.19 0.02 11.11 0.01 11.04 0.04
316 6h40m25.50s +9◦34′11.8′′ 11.34 0.02 11.20 0.02 11.14 0.01 11.06 0.04
317 6h40m5.10s +9◦33′50.1′′ 12.76 0.01 12.86 0.01 12.76 0.03 12.71 0.04
318 6h41m25.40s +9◦32′50.4′′ 13.87 0.01 13.72 0.02 13.66 0.05 12.15 0.04
319 6h40m31.40s +9◦32′59.5′′ 13.46 0.01 13.36 0.01 13.43 0.04 13.30 0.07
320 6h40m33.80s +9◦32′56.9′′ 11.08 0.02 11.10 0.02 11.12 0.01 11.25 0.04
321 6h41m38.30s +9◦32′13.3′′ 10.09 0.02 10.12 0.02 10.08 0.01 9.99 0.01
322 6h40m17.60s +9◦32′20.1′′ 11.92 0.02 11.95 0.02 11.91 0.01 11.80 0.02
323 6h41m13.10s +9◦31′38.2′′ 13.27 0.01 13.00 0.01 12.85 0.05 12.43 0.07
324 6h41m9.00s +9◦31′9.1′′ 10.36 0.02 9.95 0.02 9.65 0.02 9.17 0.03
325 6h40m34.40s +9◦31′6.7′′ 12.77 0.01 12.75 0.01 12.67 0.02 12.68 0.04
326 6h41m55.00s +9◦30′6.3′′ 12.10 0.02 12.20 0.01 12.05 0.01 12.06 0.03
327 6h41m8.30s +9◦30′22.7′′ 11.79 0.01 11.53 0.02 11.19 0.08 10.63 0.07
328 6h41m0.30s +9◦28′33.9′′ 12.51 0.01 11.70 0.02 11.76 0.02 10.96 0.05
329 6h40m12.50s +9◦28′13.3′′ 12.29 0.02 12.46 0.01 12.39 0.02 12.30 0.04
330 6h39m52.90s +9◦28′7.7′′ 10.57 0.02 10.67 0.02 10.57 0.01 10.61 0.01
331 6h40m8.80s +9◦27′44.3′′ 8.64 0.02 8.83 0.02 8.68 0.02 8.63 0.02
332 6h41m59.00s +9◦26′21.4′′ 12.21 0.02 12.24 0.01 12.24 0.02 12.22 0.03
333 6h40m37.20s +9◦26′51.2′′ 9.78 0.02 9.87 0.02 9.84 0.02 9.79 0.02
334 6h41m16.00s +9◦26′9.7′′ 10.87 0.02 10.28 0.02 9.70 0.01 8.84 0.01
335 6h41m14.90s +9◦25′55.3′′ 11.24 0.01 10.74 0.02 10.14 0.02 9.26 0.04
336 6h40m46.80s +9◦25′53.5′′ 11.26 0.02 11.26 0.02 11.24 0.01 11.21 0.02
337 6h41m5.80s +9◦25′26.4′′ 9.82 0.02 9.84 0.02 9.70 0.02 9.67 0.01
338 6h40m15.60s +9◦25′34.5′′ 9.03 0.02 9.16 0.02 9.15 0.02 8.96 0.02
339 6h40m45.20s +9◦23′54.4′′ 11.81 0.02 11.94 0.01 11.81 0.01 11.82 0.03
340 6h41m42.90s +9◦23′27.4′′ 13.04 0.01 13.18 0.01 13.01 0.03 12.89 0.07
341 6h41m5.90s +9◦22′55.6′′ 8.49 0.02 8.11 0.02 7.44 0.01 5.94 0.02
342 6h40m22.60s +9◦23′2.3′′ 11.51 0.02 11.59 0.02 11.51 0.01 11.50 0.01
343 6h40m4.00s +9◦22′42.9′′ 9.86 0.02 10.05 0.02 9.95 0.02 10.03 0.01
344 6h41m0.70s +9◦21′51.6′′ 13.54 0.01 13.77 0.01 13.45 0.04 13.63 0.08
345 6h42m2.80s +9◦21′21.7′′ 11.20 0.02 11.22 0.02 11.13 0.01 11.09 0.02
346 6h40m45.50s +9◦21′11.3′′ 9.12 0.02 9.21 0.02 9.14 0.02 9.05 0.02
347 6h39m57.60s +9◦21′18.4′′ 12.59 0.02 12.60 0.01 12.51 0.02 12.49 0.04
348 6h41m36.80s +9◦19′52.6′′ 12.15 0.02 12.17 0.01 12.07 0.01 12.19 0.03
349 6h40m21.30s +9◦20′14.1′′ 11.62 0.02 11.63 0.02 11.68 0.01 11.55 0.02
350 6h41m11.30s +9◦19′48.6′′ 10.10 0.02 9.79 0.02 9.37 0.02 8.57 0.02
351 6h40m50.30s +9◦19′54.1′′ 12.56 0.01 12.64 0.01 12.71 0.03 12.60 0.04
352 6h41m40.70s +9◦19′29.5′′ 11.88 0.02 11.87 0.01 11.75 0.01 11.68 0.02
353 6h40m10.10s +9◦20′5.0′′ 10.75 0.02 10.83 0.02 10.81 0.01 10.70 0.01
354 6h39m42.70s +9◦20′11.8′′ 11.59 0.02 11.63 0.01 11.64 0.02 11.58 0.03
355 6h41m55.90s +9◦18′59.6′′ 12.63 0.02 12.76 0.01 12.53 0.02 12.71 0.04
356 6h41m35.50s +9◦18′50.3′′ 13.22 0.01 13.05 0.01 12.86 0.02 12.23 0.03
357 6h40m8.80s +9◦19′9.0′′ 11.91 0.02 12.13 0.01 11.91 0.01 12.00 0.02
358 6h41m44.00s +9◦17′57.2′′ 11.53 0.02 11.52 0.02 11.49 0.01 11.39 0.01
359 6h41m33.00s +9◦17′1.7′′ 11.56 0.02 11.63 0.02 11.52 0.01 11.51 0.01
360 6h39m57.20s +9◦17′28.9′′ 12.25 0.02 12.30 0.01 12.33 0.02 12.26 0.03
361 6h40m57.80s +9◦51′8.7′′ 11.22 0.02 10.88 0.02 10.45 0.01 9.75 0.04
362 6h40m52.90s +9◦26′25.8′′ 12.19 0.02 11.77 0.01 11.47 0.01 10.79 0.04
363 6h41m43.50s +9◦56′52.7′′ 11.35 0.02 11.41 0.02 11.40 0.01 11.31 0.02
364 6h40m4.20s +9◦53′41.0′′ 12.35 0.02 12.37 0.05 12.17 0.02 11.86 0.06
365 6h40m7.70s +9◦44′46.7′′ 11.23 0.02 11.44 0.03 11.30 0.01 11.17 0.03
366 6h40m24.40s +9◦19′38.7′′ 11.60 0.02 11.56 0.03 11.57 0.01 11.55 0.02
367 6h41m57.10s +9◦57′41.2′′ 7.94 0.02 8.09 0.02 8.00 0.01 7.94 0.02
368 6h41m27.30s +9◦51′14.3′′ 8.09 0.02 8.10 0.02 8.14 0.01 8.05 0.02
369 6h41m48.20s +9◦50′16.1′′ 9.34 0.01 9.35 0.02 9.30 0.02 9.20 0.02
370 6h40m36.70s +9◦47′22.0′′ 8.43 0.02 8.43 0.01 8.26 0.01 8.22 0.02
371 6h41m23.00s +9◦43′26.5′′ 12.46 0.04 12.39 0.01 12.28 0.02 12.23 0.06
372 6h39m55.80s +9◦34′28.2′′ 5.49 0.02 5.48 0.02 5.34 0.02 5.26 0.02
125
ID R.A. Dec. m[3.6] σ[3.6] m[4.5] σ[4.5] m[5.8] σ[5.8] m[8] σ[8]
(J2000) (J2000) (mag) (mag) (mag) (mag) (mag) (mag) (mag) (mag)
373 6h40m44.60s +9◦48′1.7′′ 7.64 0.02 6.96 0.02 6.01 0.02 4.17 0.02
374 6h40m29.80s +9◦50′43.3′′ 13.72 0.02 13.51 0.01 12.66 0.06 11.66 0.09
375 6h41m49.00s +9◦41′6.2′′ 11.81 0.02 11.78 0.02 11.80 0.01 11.73 0.02
376 6h40m56.50s +9◦21′29.9′′ 13.22 0.01 13.19 0.01 13.21 0.04 12.93 0.06
377 6h40m13.40s +10◦5′49.1′′ 12.12 0.02 11.81 0.02 11.42 0.01 10.82 0.02
378 6h40m23.40s +9◦54′55.8′′ 12.29 0.01 12.04 0.01 11.88 0.02 11.48 0.05
379 6h40m54.10s +9◦52′24.0′′ 13.55 0.01 13.06 0.01 12.87 0.04 12.31 0.09
380 6h41m7.60s +9◦41′33.6′′ 13.09 0.01 12.92 0.01 12.56 0.03 11.84 0.06
381 6h41m4.10s +9◦20′44.5′′ 11.56 0.02 11.56 0.02 11.34 0.01 11.21 0.09
382 6h39m59.20s +10◦6′6.7′′ 11.38 0.03 10.65 0.02 10.13 0.02 9.47 0.01
383 6h41m11.10s +9◦42′8.2′′ 13.47 0.01 13.10 0.01 12.75 0.03 11.97 0.07
384 6h41m8.90s +9◦41′15.0′′ 12.12 0.02 12.06 0.02 12.23 0.02 12.24 0.03
385 6h41m39.70s +9◦40′27.9′′ 9.36 0.02 9.11 0.02 8.92 0.02 8.11 0.02
386 6h41m29.20s +9◦39′36.0′′ 10.70 0.02 10.79 0.02 10.78 0.01 10.72 0.02
387 6h41m2.00s +9◦38′33.1′′ 13.06 0.01 12.91 0.01 12.69 0.03 12.41 0.06
388 6h41m3.90s +9◦37′10.9′′ 11.12 0.02 11.07 0.02 10.94 0.01 11.00 0.04
389 6h40m59.60s +9◦36′57.3′′ 12.92 0.01 12.62 0.01 12.28 0.04 11.50 0.09
390 6h41m9.60s +9◦36′29.3′′ 12.16 0.02 12.03 0.01 11.87 0.02 11.69 0.05
391 6h41m25.10s +9◦36′0.4′′ 12.85 0.01 12.92 0.01 12.86 0.03 12.88 0.07
392 6h40m55.80s +9◦36′6.3′′ 13.03 0.01 12.83 0.01 12.57 0.03 11.72 0.03
393 6h41m13.00s +9◦35′32.7′′ 12.09 0.01 12.19 0.01 12.09 0.03 12.16 0.08
394 6h41m4.10s +9◦35′21.1′′ 11.70 0.01 11.58 0.01 11.30 0.02 10.30 0.02
395 6h41m12.50s +9◦35′9.1′′ 12.91 0.01 12.85 0.01 12.86 0.04 12.76 0.06
396 6h41m2.50s +9◦34′55.7′′ 11.60 0.02 11.65 0.01 11.74 0.02 11.69 0.06
397 6h40m40.50s +9◦35′1.4′′ 11.71 0.01 11.46 0.01 11.08 0.03 10.28 0.04
398 6h41m8.00s +9◦34′46.6′′ 11.07 0.02 10.65 0.02 10.23 0.01 9.49 0.01
399 6h40m58.50s +9◦33′31.3′′ 10.14 0.02 10.21 0.02 10.22 0.01 10.22 0.02
400 6h41m6.20s +9◦33′7.9′′ 12.51 0.01 12.35 0.01 12.16 0.02 12.15 0.08
401 6h41m3.20s +9◦32′55.0′′ 12.85 0.01 12.64 0.01 12.38 0.03 11.81 0.04
402 6h40m48.80s +9◦32′42.9′′ 12.22 0.01 12.23 0.01 12.13 0.02 12.04 0.05
403 6h41m21.20s +9◦32′15.0′′ 12.85 0.01 12.94 0.01 12.68 0.04 11.77 0.07
404 6h41m27.30s +9◦32′6.2′′ 12.87 0.01 12.78 0.01 12.79 0.02 12.81 0.07
405 6h41m31.70s +9◦31′54.4′′ 12.79 0.02 12.81 0.01 12.74 0.02 12.61 0.04
406 6h40m27.70s +9◦31′59.4′′ 13.15 0.01 13.25 0.01 13.03 0.03 13.16 0.06
407 6h41m18.40s +9◦31′29.5′′ 13.29 0.01 13.17 0.01 12.98 0.04 12.48 0.09
408 6h41m15.30s +9◦31′16.5′′ 9.22 0.01 9.25 0.02 9.26 0.02 9.28 0.01
409 6h40m55.50s +9◦31′21.8′′ 10.46 0.02 10.51 0.02 10.54 0.01 10.41 0.01
410 6h41m7.30s +9◦31′17.9′′ 12.91 0.01 12.98 0.01 12.72 0.09 12.31 0.07
411 6h41m13.10s +9◦31′6.8′′ 13.10 0.01 13.04 0.01 13.22 0.09 12.56 0.09
412 6h40m47.20s +9◦31′8.3′′ 12.01 0.02 11.89 0.01 11.87 0.02 11.98 0.04
413 6h40m57.80s +9◦30′50.3′′ 11.54 0.02 11.32 0.02 11.48 0.01 11.03 0.04
414 6h41m19.50s +9◦30′29.5′′ 11.71 0.02 11.77 0.01 11.68 0.02 11.62 0.08
415 6h41m15.90s +9◦30′37.6′′ 12.78 0.01 12.38 0.01 11.99 0.04 11.24 0.04
416 6h41m7.10s +9◦30′36.9′′ 10.46 0.02 9.99 0.02 9.50 0.01 8.76 0.01
417 6h40m53.80s +9◦30′39.1′′ 10.17 0.02 10.26 0.02 10.25 0.01 10.20 0.01
418 6h40m50.10s +9◦30′39.9′′ 12.48 0.02 12.46 0.01 12.44 0.02 12.43 0.04
419 6h40m43.40s +9◦30′34.1′′ 11.58 0.02 11.22 0.02 10.85 0.01 10.06 0.01
420 6h40m56.80s +9◦30′15.2′′ 10.92 0.02 10.79 0.02 10.89 0.01 10.87 0.01
421 6h40m51.40s +9◦30′13.3′′ 12.64 0.01 12.67 0.01 12.65 0.02 12.58 0.07
422 6h40m56.50s +9◦29′54.0′′ 12.39 0.02 12.38 0.01 12.35 0.02 12.41 0.05
423 6h41m9.00s +9◦29′7.1′′ 9.76 0.01 9.21 0.01 8.79 0.05 8.06 0.05
424 6h40m43.90s +9◦28′54.7′′ 13.18 0.01 13.08 0.01 13.08 0.03 12.93 0.04
425 6h41m3.70s +9◦28′19.3′′ 12.35 0.01 12.09 0.01 11.97 0.03 11.74 0.05
426 6h41m7.80s +9◦28′13.6′′ 11.94 0.01 11.99 0.01 11.96 0.05 12.03 0.06
427 6h41m1.60s +9◦28′13.0′′ 10.38 0.02 10.30 0.02 10.41 0.01 10.45 0.01
428 6h40m40.90s +9◦27′58.8′′ 12.50 0.01 12.54 0.01 12.50 0.02 12.21 0.06
429 6h41m2.90s +9◦27′23.7′′ 9.34 0.01 9.45 0.02 9.35 0.02 9.58 0.01
430 6h41m5.90s +9◦27′17.5′′ 11.24 0.02 11.18 0.02 11.13 0.01 11.06 0.03
431 6h41m14.40s +9◦26′58.5′′ 11.85 0.02 11.83 0.02 11.74 0.03 10.84 0.04
432 6h40m48.20s +9◦27′1.1′′ 12.71 0.01 12.66 0.01 12.71 0.02 12.63 0.05
433 6h41m15.10s +9◦26′44.4′′ 11.02 0.02 10.89 0.02 10.61 0.01 9.82 0.01
434 6h41m15.60s +9◦26′33.6′′ 11.28 0.02 11.44 0.03 11.26 0.01 11.20 0.03
435 6h41m7.00s +9◦40′54.3′′ 12.31 0.02 12.38 0.01 12.25 0.02 12.19 0.04
436 6h40m58.30s +9◦37′56.5′′ 12.80 0.01 12.49 0.01 12.02 0.01 11.14 0.01
437 6h41m3.60s +9◦35′43.9′′ 11.81 0.01 11.27 0.01 10.53 0.04 9.72 0.06
438 6h41m2.80s +9◦35′34.3′′ 12.53 0.01 12.20 0.01 11.37 0.04 10.46 0.09
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439 6h41m10.40s +9◦34′18.3′′ 10.86 0.02 10.20 0.02 9.53 0.01 8.58 0.01
440 6h40m54.10s +9◦29′51.2′′ 12.73 0.01 12.77 0.01 12.81 0.03 12.60 0.07
441 6h40m59.70s +9◦28′43.6′′ 11.31 0.02 10.90 0.02 10.49 0.01 9.57 0.01
442 6h40m36.20s +9◦28′3.7′′ 13.35 0.01 13.35 0.01 13.21 0.04 13.12 0.06
443 6h41m13.00s +9◦27′31.8′′ 9.86 0.02 9.88 0.02 9.86 0.01 9.83 0.02
444 6h41m23.00s +9◦27′26.5′′ 10.64 0.02 10.58 0.02 10.62 0.01 10.73 0.03
445 6h40m33.80s +10◦2′50.4′′ 11.37 0.02 11.46 0.02 11.39 0.01 11.33 0.03
446 6h41m34.40s +10◦2′25.0′′ 11.04 0.02 11.09 0.02 11.13 0.01 11.09 0.01
447 6h40m30.80s +10◦2′39.6′′ 11.25 0.02 11.27 0.02 11.29 0.01 11.31 0.03
448 6h41m5.50s +10◦2′15.0′′ 12.98 0.01 12.96 0.01 12.99 0.04 12.93 0.04
449 6h40m30.00s +10◦2′25.5′′ 13.27 0.01 13.30 0.01 13.34 0.05 13.11 0.07
450 6h41m34.90s +10◦1′47.0′′ 12.54 0.02 12.55 0.01 12.52 0.03 12.49 0.04
451 6h41m10.50s +10◦1′51.6′′ 9.57 0.02 9.69 0.02 9.63 0.02 9.49 0.02
452 6h41m20.80s +10◦1′39.0′′ 12.53 0.01 12.53 0.01 12.57 0.03 12.33 0.04
453 6h41m15.20s +10◦1′36.0′′ 9.65 0.02 9.53 0.02 9.45 0.02 9.35 0.01
454 6h41m26.70s +10◦1′31.2′′ 10.82 0.02 10.87 0.02 10.81 0.01 10.70 0.01
455 6h40m51.20s +10◦1′43.6′′ 8.85 0.02 8.96 0.01 8.99 0.02 8.90 0.02
456 6h41m32.10s +10◦1′4.3′′ 11.05 0.02 11.13 0.02 11.11 0.01 11.02 0.02
457 6h40m48.00s +10◦1′22.0′′ 12.92 0.01 12.94 0.01 12.91 0.04 13.02 0.09
458 6h40m34.80s +10◦1′20.3′′ 10.38 0.02 10.41 0.02 10.41 0.01 10.30 0.01
459 6h40m50.30s +10◦1′4.0′′ 12.29 0.02 12.32 0.01 12.25 0.02 12.12 0.04
460 6h40m25.70s +10◦1′10.7′′ 12.29 0.02 12.33 0.01 12.29 0.02 12.26 0.04
461 6h41m16.20s +10◦0′47.7′′ 12.79 0.01 12.94 0.01 12.85 0.03 12.65 0.05
462 6h40m47.60s +10◦0′57.2′′ 12.96 0.01 12.94 0.01 12.94 0.03 12.93 0.05
463 6h40m33.50s +10◦0′49.1′′ 12.94 0.01 12.97 0.01 12.87 0.03 12.88 0.06
464 6h41m1.50s +10◦0′36.7′′ 11.87 0.02 11.89 0.02 11.86 0.01 11.89 0.04
465 6h41m42.40s +10◦0′19.4′′ 10.50 0.02 10.50 0.02 10.55 0.01 10.40 0.01
466 6h41m5.40s +10◦0′28.5′′ 11.69 0.02 11.73 0.02 11.71 0.01 11.53 0.02
467 6h40m29.90s +10◦0′37.2′′ 12.90 0.01 12.90 0.01 12.83 0.04 13.09 0.06
468 6h41m39.40s +10◦0′1.8′′ 11.64 0.02 11.67 0.02 11.70 0.01 11.66 0.02
469 6h41m47.50s +9◦59′58.2′′ 10.47 0.02 10.52 0.02 10.49 0.01 10.43 0.01
470 6h40m40.20s +10◦0′23.4′′ 12.91 0.01 12.96 0.01 12.87 0.03 12.65 0.05
471 6h41m46.40s +9◦59′52.7′′ 11.88 0.02 11.91 0.02 11.90 0.01 11.84 0.03
472 6h40m33.70s +10◦0′18.9′′ 11.66 0.02 11.72 0.02 11.66 0.01 11.62 0.02
473 6h40m6.00s +10◦0′26.9′′ 12.11 0.02 12.29 0.01 12.10 0.02 12.19 0.03
474 6h41m20.40s +9◦59′55.3′′ 13.01 0.01 12.89 0.01 12.83 0.02 12.80 0.06
475 6h40m24.40s +10◦0′13.5′′ 9.93 0.02 10.01 0.02 9.94 0.01 9.82 0.01
476 6h40m30.80s +10◦0′2.7′′ 12.15 0.02 11.80 0.02 11.39 0.01 10.51 0.01
477 6h40m12.40s +10◦0′11.1′′ 13.16 0.01 13.19 0.01 13.05 0.04 13.10 0.06
478 6h41m12.70s +9◦59′44.4′′ 10.32 0.02 10.32 0.02 10.26 0.01 10.14 0.01
479 6h41m11.90s +9◦59′41.1′′ 12.77 0.01 12.71 0.01 12.24 0.02 11.53 0.02
480 6h41m57.10s +9◦59′19.9′′ 11.98 0.02 12.06 0.01 11.99 0.01 11.91 0.03
481 6h41m50.10s +9◦59′4.2′′ 13.15 0.01 13.07 0.01 13.02 0.03 13.02 0.05
482 6h41m16.90s +9◦59′15.9′′ 12.60 0.02 12.56 0.01 12.53 0.02 12.42 0.04
483 6h40m9.60s +9◦59′41.1′′ 13.23 0.01 13.27 0.01 13.30 0.03 13.17 0.06
484 6h39m58.70s +9◦59′39.6′′ 12.05 0.02 12.15 0.01 12.09 0.02 11.90 0.03
485 6h40m39.30s +9◦59′21.8′′ 12.47 0.01 12.44 0.01 12.43 0.02 12.50 0.06
486 6h41m49.40s +9◦58′49.0′′ 11.51 0.02 11.59 0.02 11.54 0.01 11.50 0.02
487 6h41m34.00s +9◦58′48.6′′ 12.39 0.02 12.38 0.01 12.38 0.02 12.33 0.04
488 6h41m5.10s +9◦58′46.2′′ 13.77 0.01 13.41 0.01 13.15 0.04 12.69 0.07
489 6h40m12.80s +9◦59′3.7′′ 12.76 0.01 12.85 0.01 12.91 0.03 12.82 0.04
490 6h41m21.40s +9◦58′35.4′′ 11.03 0.02 11.16 0.02 11.12 0.01 11.05 0.02
491 6h40m33.30s +9◦58′53.5′′ 12.55 0.02 12.66 0.01 12.55 0.02 12.62 0.04
492 6h41m20.30s +9◦58′29.5′′ 11.72 0.02 11.69 0.01 11.67 0.01 11.61 0.02
493 6h40m19.10s +9◦58′49.7′′ 13.27 0.01 13.36 0.01 13.33 0.03 13.38 0.06
494 6h40m45.70s +9◦58′28.8′′ 13.17 0.01 13.09 0.01 13.20 0.03 13.12 0.09
495 6h39m58.80s +9◦58′45.5′′ 11.07 0.02 11.19 0.02 11.13 0.01 10.97 0.03
496 6h40m28.50s +9◦58′32.1′′ 13.30 0.01 13.36 0.01 13.33 0.04 13.13 0.06
497 6h40m57.60s +9◦58′12.7′′ 12.11 0.02 11.73 0.02 11.32 0.01 10.66 0.03
498 6h39m49.70s +9◦58′38.7′′ 11.91 0.02 12.04 0.02 12.11 0.02 12.11 0.04
499 6h40m26.10s +9◦58′20.6′′ 12.30 0.02 12.37 0.01 12.36 0.02 12.32 0.04
500 6h41m32.70s +9◦57′50.7′′ 12.32 0.02 12.38 0.01 12.34 0.02 12.37 0.03
501 6h40m53.70s +9◦57′59.9′′ 12.66 0.02 12.72 0.01 12.73 0.03 12.93 0.09
502 6h41m3.30s +9◦57′54.8′′ 12.06 0.02 12.18 0.01 12.10 0.01 12.08 0.04
503 6h39m50.20s +9◦58′17.1′′ 11.09 0.02 11.22 0.02 11.15 0.01 11.08 0.03
504 6h40m3.80s +9◦58′11.9′′ 12.22 0.02 12.38 0.01 12.22 0.02 12.09 0.04
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505 6h42m5.20s +9◦57′16.3′′ 12.42 0.02 12.50 0.01 12.46 0.03 12.34 0.05
506 6h40m49.00s +9◦57′45.0′′ 11.33 0.02 11.38 0.02 11.31 0.01 11.24 0.04
507 6h42m2.40s +9◦57′14.8′′ 13.33 0.01 13.38 0.01 13.40 0.05 13.13 0.08
508 6h40m47.10s +9◦57′42.5′′ 11.22 0.02 11.29 0.02 11.24 0.01 11.28 0.04
509 6h40m34.80s +9◦57′42.4′′ 12.87 0.01 13.00 0.01 12.94 0.03 13.03 0.07
510 6h41m25.90s +9◦57′15.4′′ 12.54 0.01 12.53 0.01 12.56 0.02 12.72 0.05
511 6h40m19.90s +9◦57′38.5′′ 11.60 0.02 11.78 0.02 11.60 0.01 11.56 0.02
512 6h40m16.10s +9◦57′37.7′′ 10.72 0.02 10.78 0.02 10.75 0.01 10.60 0.02
513 6h41m17.00s +9◦57′11.8′′ 10.12 0.02 10.17 0.02 10.18 0.01 10.19 0.01
514 6h39m43.60s +9◦57′44.7′′ 11.09 0.02 11.23 0.02 11.20 0.01 11.09 0.03
515 6h39m43.90s +9◦57′38.1′′ 12.69 0.01 12.77 0.01 12.65 0.04 12.77 0.09
516 6h41m5.50s +9◦56′53.4′′ 13.14 0.01 12.99 0.01 12.72 0.03 12.06 0.05
517 6h41m29.80s +9◦56′43.8′′ 13.40 0.01 13.42 0.01 13.39 0.03 13.48 0.08
518 6h41m33.30s +9◦56′39.7′′ 13.13 0.01 13.14 0.01 13.10 0.03 13.08 0.04
519 6h41m46.90s +9◦56′32.3′′ 12.59 0.02 12.61 0.01 12.59 0.02 12.56 0.04
520 6h40m3.10s +9◦57′10.5′′ 12.90 0.01 12.99 0.01 12.86 0.02 13.01 0.07
521 6h40m26.40s +9◦56′58.8′′ 12.79 0.01 12.50 0.01 12.00 0.02 11.37 0.04
522 6h41m41.30s +9◦56′28.4′′ 12.68 0.01 12.65 0.01 12.62 0.03 12.59 0.04
523 6h41m18.10s +9◦56′35.6′′ 8.00 0.02 8.15 0.02 7.93 0.01 8.01 0.02
524 6h40m57.10s +9◦56′42.3′′ 13.52 0.01 13.49 0.01 13.29 0.06 12.51 0.09
525 6h39m54.30s +9◦57′2.6′′ 13.10 0.01 13.09 0.01 13.06 0.04 12.73 0.07
526 6h41m19.10s +9◦56′23.7′′ 12.06 0.01 12.12 0.01 12.00 0.01 11.97 0.04
527 6h40m57.80s +9◦56′29.6′′ 11.29 0.02 11.35 0.02 11.30 0.01 11.37 0.05
528 6h40m34.30s +9◦56′22.8′′ 13.95 0.01 13.70 0.01 13.43 0.04 12.64 0.05
529 6h41m49.90s +9◦55′48.4′′ 13.39 0.01 13.34 0.01 13.36 0.03 13.09 0.05
530 6h41m36.60s +9◦55′50.8′′ 12.64 0.02 12.63 0.01 12.60 0.02 12.55 0.04
531 6h40m23.10s +9◦56′20.0′′ 10.64 0.02 10.86 0.02 10.70 0.01 10.82 0.02
532 6h41m45.50s +9◦55′42.4′′ 13.13 0.01 12.92 0.01 12.58 0.02 11.79 0.03
533 6h39m59.60s +9◦56′24.3′′ 12.10 0.02 12.29 0.01 12.10 0.02 11.99 0.04
534 6h41m15.90s +9◦55′54.1′′ 13.54 0.01 13.52 0.02 13.38 0.03 13.25 0.07
535 6h41m56.70s +9◦55′32.1′′ 13.67 0.01 13.71 0.02 13.76 0.05 13.51 0.09
536 6h40m58.20s +9◦55′44.5′′ 12.36 0.01 12.30 0.01 12.30 0.03 12.25 0.07
537 6h41m21.80s +9◦55′33.6′′ 11.86 0.02 11.90 0.02 11.86 0.01 11.73 0.02
538 6h41m10.90s +9◦55′38.2′′ 13.34 0.01 13.18 0.01 12.98 0.03 12.65 0.06
539 6h41m15.80s +9◦55′26.6′′ 11.88 0.02 11.78 0.02 11.67 0.01 11.62 0.02
540 6h40m57.50s +9◦55′32.7′′ 12.69 0.01 12.61 0.01 12.61 0.03 12.71 0.08
541 6h41m31.70s +9◦55′15.5′′ 12.35 0.01 12.38 0.01 12.24 0.02 12.22 0.03
542 6h40m33.30s +9◦55′37.0′′ 11.15 0.02 11.19 0.02 11.10 0.01 10.98 0.03
543 6h40m41.80s +9◦55′32.8′′ 11.24 0.02 11.25 0.02 11.14 0.01 11.15 0.02
544 6h41m27.70s +9◦55′13.5′′ 12.75 0.02 12.66 0.01 12.73 0.02 12.67 0.04
545 6h41m38.10s +9◦55′0.8′′ 12.34 0.02 12.34 0.01 12.37 0.02 12.34 0.03
546 6h41m13.20s +9◦55′8.7′′ 11.09 0.02 11.11 0.02 11.09 0.01 10.98 0.01
547 6h41m7.10s +9◦55′8.8′′ 12.21 0.02 12.12 0.01 12.11 0.02 12.16 0.04
548 6h41m52.80s +9◦54′48.5′′ 12.44 0.02 12.44 0.01 12.45 0.02 12.47 0.03
549 6h41m31.50s +9◦54′54.9′′ 10.13 0.02 10.19 0.02 10.23 0.01 10.13 0.01
550 6h41m22.30s +9◦54′52.0′′ 11.62 0.02 11.70 0.02 11.66 0.01 11.60 0.03
551 6h42m7.10s +9◦54′33.5′′ 12.09 0.02 12.14 0.01 12.92 0.04 11.94 0.03
552 6h41m15.30s +9◦54′51.2′′ 13.08 0.01 13.09 0.01 13.03 0.03 13.15 0.07
553 6h41m46.00s +9◦54′37.1′′ 13.60 0.01 13.56 0.01 13.51 0.04 13.34 0.09
554 6h40m8.60s +9◦55′14.0′′ 11.43 0.02 11.49 0.02 11.44 0.02 11.52 0.06
555 6h41m53.00s +9◦54′26.5′′ 12.93 0.01 12.88 0.01 12.90 0.03 12.91 0.05
556 6h42m0.50s +9◦54′21.1′′ 13.16 0.01 13.22 0.01 13.19 0.04 13.25 0.09
557 6h39m50.80s +9◦55′8.5′′ 12.99 0.01 12.99 0.01 12.76 0.03 12.51 0.08
558 6h41m58.70s +9◦54′14.0′′ 12.78 0.01 12.85 0.01 12.78 0.03 12.81 0.05
559 6h41m48.60s +9◦54′11.6′′ 13.50 0.01 13.56 0.01 13.57 0.04 13.39 0.06
560 6h39m45.10s +9◦54′55.9′′ 12.48 0.02 12.59 0.01 12.66 0.04 12.29 0.07
561 6h40m41.20s +9◦54′30.8′′ 11.00 0.02 11.04 0.02 11.01 0.01 10.85 0.04
562 6h41m38.20s +9◦54′8.1′′ 13.44 0.01 13.37 0.01 13.37 0.03 13.24 0.07
563 6h41m53.80s +9◦54′0.2′′ 11.77 0.02 11.76 0.02 11.74 0.01 11.74 0.02
564 6h40m10.50s +9◦54′42.2′′ 11.93 0.02 11.89 0.02 11.84 0.02 11.82 0.07
565 6h41m5.70s +9◦54′19.0′′ 11.64 0.02 11.69 0.02 11.66 0.01 11.55 0.03
566 6h41m11.00s +9◦54′16.9′′ 13.19 0.01 13.39 0.01 13.29 0.03 13.30 0.07
567 6h40m36.40s +9◦54′27.1′′ 11.82 0.02 11.43 0.02 10.80 0.02 10.20 0.05
568 6h41m48.40s +9◦53′51.1′′ 12.81 0.01 12.93 0.01 12.84 0.02 12.82 0.04
569 6h40m56.50s +9◦54′10.6′′ 10.12 0.02 10.18 0.02 10.16 0.01 10.16 0.03
570 6h41m28.70s +9◦53′58.4′′ 13.76 0.01 13.57 0.01 13.22 0.03 12.65 0.04
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ID R.A. Dec. m[3.6] σ[3.6] m[4.5] σ[4.5] m[5.8] σ[5.8] m[8] σ[8]
(J2000) (J2000) (mag) (mag) (mag) (mag) (mag) (mag) (mag) (mag)
571 6h41m0.40s +9◦54′3.4′′ 11.98 0.01 12.01 0.01 12.02 0.03 12.03 0.07
572 6h41m22.60s +9◦53′49.5′′ 12.46 0.02 12.49 0.01 12.51 0.02 12.34 0.03
573 6h41m26.90s +9◦53′48.5′′ 13.27 0.01 13.29 0.01 13.33 0.04 13.11 0.06
574 6h41m43.10s +9◦53′37.2′′ 13.43 0.01 13.47 0.01 13.44 0.04 13.33 0.07
575 6h40m55.90s +9◦53′53.8′′ 12.22 0.01 12.29 0.01 12.22 0.04 11.92 0.09
576 6h41m24.20s +9◦53′43.1′′ 13.40 0.01 13.40 0.01 13.35 0.03 13.08 0.07
577 6h40m47.80s +9◦53′55.5′′ 10.46 0.02 10.52 0.02 10.50 0.01 10.50 0.02
578 6h40m16.10s +9◦54′7.3′′ 12.66 0.01 12.27 0.01 11.86 0.02 11.20 0.05
579 6h41m55.00s +9◦53′26.2′′ 10.87 0.02 10.90 0.02 10.88 0.01 10.82 0.01
580 6h41m43.00s +9◦53′29.5′′ 13.20 0.01 13.03 0.01 12.79 0.03 12.39 0.03
581 6h40m34.30s +9◦53′56.5′′ 11.61 0.01 11.58 0.02 11.46 0.02 11.47 0.09
582 6h40m34.50s +9◦53′53.9′′ 11.28 0.02 11.27 0.02 11.17 0.02 11.15 0.05
583 6h40m5.60s +9◦54′6.3′′ 13.24 0.01 13.20 0.02 13.06 0.05 12.49 0.09
584 6h41m11.50s +9◦53′38.7′′ 10.85 0.02 10.87 0.02 10.74 0.01 10.85 0.01
585 6h40m43.60s +9◦53′49.3′′ 12.76 0.01 12.68 0.01 12.68 0.03 12.55 0.07
586 6h41m48.60s +9◦53′20.4′′ 11.89 0.02 11.97 0.02 11.84 0.01 11.83 0.02
587 6h40m5.50s +9◦54′0.8′′ 11.00 0.02 10.94 0.02 10.85 0.01 10.74 0.03
588 6h41m32.70s +9◦53′24.4′′ 11.95 0.02 11.98 0.01 11.94 0.01 11.87 0.04
589 6h42m1.10s +9◦53′12.7′′ 12.12 0.02 12.11 0.01 12.15 0.02 12.17 0.04
590 6h41m2.90s +9◦53′36.1′′ 12.85 0.01 12.98 0.02 12.81 0.03 12.64 0.07
591 6h41m27.60s +9◦53′25.3′′ 11.96 0.02 12.18 0.01 11.85 0.01 11.94 0.03
592 6h41m21.10s +9◦53′27.5′′ 12.92 0.01 12.94 0.01 12.87 0.03 12.99 0.06
593 6h40m44.20s +9◦53′39.4′′ 12.51 0.01 12.44 0.01 12.17 0.04 11.81 0.05
594 6h39m44.10s +9◦54′3.4′′ 10.95 0.02 10.99 0.02 10.99 0.01 10.88 0.02
595 6h41m46.40s +9◦53′10.0′′ 12.98 0.01 13.00 0.01 12.98 0.02 13.01 0.06
596 6h41m10.90s +9◦53′18.5′′ 12.47 0.01 12.45 0.01 12.44 0.02 12.43 0.04
597 6h41m36.00s +9◦53′7.3′′ 13.35 0.01 13.32 0.01 13.41 0.04 13.30 0.06
598 6h41m27.70s +9◦53′8.5′′ 13.51 0.01 13.51 0.01 13.46 0.04 13.34 0.09
599 6h41m9.70s +9◦53′12.6′′ 11.10 0.02 11.01 0.02 10.88 0.01 10.87 0.02
600 6h41m53.50s +9◦52′49.4′′ 13.54 0.01 13.59 0.01 13.48 0.04 13.41 0.08
601 6h41m10.40s +9◦53′2.1′′ 9.81 0.02 9.92 0.02 9.89 0.02 9.89 0.01
602 6h41m17.90s +9◦52′53.9′′ 12.15 0.02 12.06 0.01 11.95 0.01 11.95 0.04
603 6h41m11.30s +9◦52′55.6′′ 10.21 0.02 10.30 0.02 10.31 0.01 10.31 0.01
604 6h41m25.70s +9◦52′46.1′′ 11.30 0.02 11.38 0.02 11.33 0.01 11.24 0.01
605 6h39m53.50s +9◦53′21.0′′ 11.26 0.02 11.36 0.02 11.27 0.01 11.02 0.03
606 6h41m23.60s +9◦52′42.6′′ 13.67 0.01 13.04 0.01 12.27 0.02 11.36 0.02
607 6h41m1.90s +9◦52′48.1′′ 9.19 0.01 9.27 0.02 9.23 0.02 9.28 0.01
608 6h41m22.90s +9◦52′33.5′′ 12.93 0.01 12.92 0.01 12.99 0.03 12.90 0.06
609 6h41m1.90s +9◦52′39.3′′ 12.57 0.01 12.42 0.01 11.93 0.02 11.29 0.06
610 6h41m28.50s +9◦52′25.0′′ 11.39 0.02 11.42 0.02 11.41 0.01 11.31 0.02
611 6h41m39.10s +9◦52′15.9′′ 13.72 0.01 13.79 0.01 13.92 0.05 13.85 0.09
612 6h40m10.30s +9◦52′48.0′′ 10.43 0.02 10.43 0.02 10.32 0.01 10.29 0.02
613 6h41m16.50s +9◦52′13.0′′ 11.35 0.02 11.46 0.02 11.38 0.01 11.36 0.02
614 6h41m27.20s +9◦52′9.3′′ 12.69 0.01 12.74 0.01 12.76 0.02 12.56 0.05
615 6h40m19.90s +9◦52′36.0′′ 11.45 0.02 11.41 0.02 11.45 0.01 11.67 0.06
616 6h41m0.00s +9◦52′17.3′′ 9.93 0.02 10.11 0.02 10.00 0.01 10.03 0.03
617 6h40m10.50s +9◦52′32.6′′ 13.81 0.01 13.44 0.01 13.11 0.04 12.05 0.04
618 6h41m21.70s +9◦52′2.1′′ 12.29 0.02 12.28 0.01 12.22 0.02 12.25 0.05
619 6h41m29.90s +9◦51′56.0′′ 11.14 0.02 11.14 0.02 11.09 0.01 11.05 0.01
620 6h41m0.80s +9◦52′7.2′′ 12.00 0.01 11.83 0.01 11.29 0.02 10.53 0.06
621 6h41m4.20s +9◦52′1.9′′ 11.79 0.02 11.97 0.01 11.80 0.02 11.78 0.08
622 6h40m52.60s +9◦52′5.8′′ 11.46 0.02 11.34 0.02 11.37 0.01 11.02 0.04
623 6h41m39.20s +9◦51′44.7′′ 13.12 0.01 13.07 0.01 13.03 0.03 13.18 0.06
624 6h41m13.30s +9◦51′54.2′′ 12.86 0.01 12.87 0.01 12.83 0.03 12.71 0.09
625 6h41m2.20s +9◦51′51.7′′ 10.54 0.02 10.67 0.02 10.54 0.01 10.56 0.02
626 6h41m34.60s +9◦51′37.6′′ 9.51 0.01 9.55 0.02 9.54 0.02 9.49 0.02
627 6h40m13.80s +9◦52′6.4′′ 11.73 0.02 11.85 0.02 11.76 0.02 11.41 0.06
628 6h40m51.60s +9◦51′49.3′′ 9.54 0.02 9.54 0.02 9.55 0.01 9.49 0.02
629 6h40m35.20s +9◦51′56.6′′ 11.09 0.01 10.73 0.02 10.27 0.03 9.19 0.06
630 6h41m53.40s +9◦51′22.6′′ 13.70 0.01 13.71 0.01 13.82 0.05 13.63 0.08
631 6h40m41.80s +9◦51′44.7′′ 9.68 0.02 9.47 0.02 8.98 0.01 8.57 0.03
632 6h40m46.20s +9◦51′39.9′′ 12.54 0.01 12.27 0.01 11.82 0.03 11.17 0.07
633 6h41m34.70s +9◦51′20.1′′ 12.87 0.01 13.00 0.01 12.96 0.03 12.82 0.06
634 6h41m22.00s +9◦51′20.2′′ 12.42 0.01 12.38 0.01 12.35 0.02 12.34 0.04
635 6h41m4.40s +9◦51′26.0′′ 11.63 0.02 11.66 0.02 11.59 0.01 11.58 0.05
636 6h41m58.00s +9◦50′54.3′′ 12.09 0.02 12.18 0.01 12.13 0.01 12.03 0.02
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637 6h41m8.20s +9◦51′9.9′′ 11.35 0.02 11.19 0.02 11.07 0.01 10.97 0.02
638 6h41m40.00s +9◦50′50.4′′ 12.32 0.02 12.36 0.01 12.38 0.02 12.28 0.04
639 6h39m50.60s +9◦51′29.3′′ 10.90 0.02 11.02 0.02 10.94 0.01 10.96 0.01
640 6h41m42.40s +9◦50′31.3′′ 11.67 0.02 11.76 0.02 11.67 0.01 11.60 0.02
641 6h40m40.40s +9◦50′51.0′′ 10.28 0.02 10.34 0.02 10.13 0.03 9.94 0.09
642 6h42m3.80s +9◦49′59.4′′ 12.81 0.01 12.79 0.01 12.94 0.03 12.64 0.05
643 6h40m50.80s +9◦50′25.3′′ 9.75 0.02 9.75 0.02 9.66 0.01 9.89 0.05
644 6h42m5.50s +9◦49′41.6′′ 12.62 0.01 12.66 0.01 12.59 0.03 12.47 0.08
645 6h40m18.00s +9◦50′22.2′′ 12.73 0.01 12.68 0.01 12.50 0.04 11.84 0.08
646 6h41m38.20s +9◦49′48.9′′ 13.36 0.01 13.38 0.01 13.28 0.04 13.21 0.06
647 6h41m30.10s +9◦49′47.1′′ 9.21 0.02 9.34 0.02 9.28 0.02 9.17 0.01
648 6h41m24.40s +9◦49′49.3′′ 12.68 0.02 12.65 0.01 12.58 0.02 12.60 0.04
649 6h41m22.10s +9◦49′46.5′′ 11.82 0.02 11.79 0.02 11.76 0.01 11.76 0.04
650 6h41m37.60s +9◦49′32.1′′ 13.26 0.01 13.22 0.01 13.25 0.03 13.22 0.06
651 6h41m17.10s +9◦49′32.1′′ 9.47 0.01 9.38 0.02 9.19 0.02 9.15 0.02
652 6h41m53.10s +9◦49′16.3′′ 12.72 0.01 12.80 0.01 12.70 0.02 12.74 0.06
653 6h41m43.80s +9◦49′19.2′′ 12.97 0.01 13.01 0.01 12.96 0.03 12.97 0.04
654 6h41m35.40s +9◦49′19.5′′ 11.99 0.02 12.00 0.02 11.93 0.01 11.97 0.03
655 6h40m22.60s +9◦49′46.4′′ 11.81 0.02 11.43 0.02 11.18 0.02 10.90 0.05
656 6h40m47.20s +9◦49′35.9′′ 9.58 0.02 9.67 0.02 9.54 0.01 9.46 0.02
657 6h41m10.80s +9◦49′26.1′′ 9.84 0.02 9.92 0.02 9.72 0.02 9.82 0.01
658 6h41m47.00s +9◦49′11.5′′ 13.58 0.01 13.60 0.01 13.61 0.04 13.29 0.08
659 6h40m36.10s +9◦49′35.6′′ 13.24 0.01 12.74 0.01 12.12 0.03 11.26 0.05
660 6h41m5.10s +9◦49′22.7′′ 12.56 0.01 12.39 0.01 12.08 0.02 11.14 0.04
661 6h41m17.80s +9◦49′16.9′′ 13.00 0.01 13.06 0.01 13.11 0.03 13.10 0.07
662 6h41m23.60s +9◦49′13.6′′ 12.92 0.01 13.00 0.01 12.89 0.03 12.81 0.06
663 6h39m46.70s +9◦49′51.5′′ 12.85 0.01 12.74 0.01 13.12 0.05 13.08 0.07
664 6h40m12.10s +9◦49′31.0′′ 10.35 0.02 10.42 0.02 10.36 0.01 10.39 0.02
665 6h41m3.40s +9◦49′8.8′′ 9.83 0.02 9.72 0.02 9.65 0.02 9.63 0.01
666 6h41m44.10s +9◦48′50.2′′ 13.39 0.01 13.47 0.01 13.33 0.03 13.60 0.08
667 6h40m45.50s +9◦49′10.2′′ 11.93 0.01 11.93 0.01 11.89 0.02 11.46 0.08
668 6h41m26.60s +9◦48′56.3′′ 13.64 0.01 13.77 0.01 13.61 0.04 13.44 0.08
669 6h41m7.30s +9◦49′2.1′′ 12.79 0.01 12.71 0.01 12.50 0.02 12.58 0.07
670 6h39m57.00s +9◦49′25.0′′ 12.25 0.02 12.36 0.01 12.24 0.01 12.18 0.03
671 6h41m19.70s +9◦48′39.5′′ 11.82 0.02 11.76 0.02 11.67 0.01 11.63 0.03
672 6h40m48.40s +9◦48′38.4′′ 10.69 0.02 10.33 0.02 10.06 0.03 9.38 0.07
673 6h39m45.80s +9◦49′0.7′′ 10.96 0.02 11.03 0.02 10.99 0.01 10.83 0.02
674 6h41m46.60s +9◦48′10.8′′ 12.28 0.02 12.35 0.01 12.30 0.02 12.39 0.06
675 6h40m34.00s +9◦48′29.1′′ 12.37 0.01 12.14 0.01 11.77 0.04 11.22 0.09
676 6h40m3.40s +9◦48′50.4′′ 12.56 0.02 12.58 0.01 12.58 0.02 12.58 0.04
677 6h40m9.30s +9◦48′48.0′′ 12.27 0.02 12.26 0.01 12.30 0.02 12.52 0.08
678 6h41m1.70s +9◦48′21.9′′ 10.26 0.02 10.38 0.02 10.28 0.01 10.38 0.02
679 6h39m48.00s +9◦48′45.0′′ 12.93 0.01 12.98 0.01 12.94 0.04 12.94 0.06
680 6h39m55.20s +9◦48′41.0′′ 10.83 0.02 10.92 0.02 10.83 0.01 10.77 0.01
681 6h41m56.80s +9◦47′45.0′′ 13.52 0.01 13.54 0.01 13.37 0.05 12.94 0.09
682 6h40m44.60s +9◦48′11.4′′ 11.44 0.01 11.42 0.01 11.41 0.04 9.73 0.09
683 6h39m47.90s +9◦48′35.2′′ 13.15 0.01 13.24 0.01 13.21 0.04 13.26 0.07
684 6h40m8.50s +9◦48′23.2′′ 12.29 0.02 12.30 0.01 12.36 0.02 12.34 0.05
685 6h41m21.30s +9◦47′33.1′′ 12.67 0.01 12.64 0.01 12.61 0.02 12.54 0.06
686 6h40m7.60s +9◦48′0.3′′ 10.39 0.02 10.53 0.02 10.38 0.01 10.26 0.01
687 6h41m20.50s +9◦47′29.9′′ 12.50 0.02 12.62 0.01 12.49 0.02 12.59 0.05
688 6h41m23.70s +9◦47′28.2′′ 11.39 0.02 11.51 0.02 11.44 0.01 11.43 0.02
689 6h41m7.40s +9◦47′33.8′′ 10.48 0.02 10.41 0.02 10.26 0.01 10.19 0.01
690 6h39m51.30s +9◦48′3.0′′ 13.28 0.01 13.33 0.01 13.30 0.04 13.15 0.06
691 6h41m26.20s +9◦47′22.5′′ 12.42 0.02 12.35 0.01 12.34 0.02 12.23 0.04
692 6h41m23.60s +9◦47′16.5′′ 13.09 0.01 13.12 0.01 12.98 0.03 12.36 0.07
693 6h41m45.20s +9◦47′4.5′′ 14.12 0.01 13.15 0.01 12.16 0.02 11.10 0.02
694 6h40m5.40s +9◦47′43.9′′ 10.63 0.02 10.82 0.02 10.60 0.01 10.79 0.03
695 6h41m24.00s +9◦47′0.9′′ 12.94 0.01 12.66 0.01 12.34 0.02 11.53 0.02
696 6h39m56.60s +9◦47′14.0′′ 13.18 0.01 13.25 0.01 13.19 0.03 13.38 0.07
697 6h41m10.80s +9◦46′41.3′′ 12.34 0.02 12.39 0.01 12.32 0.02 12.45 0.06
698 6h41m15.90s +9◦46′39.2′′ 11.79 0.02 11.75 0.01 11.70 0.01 11.68 0.03
699 6h41m52.20s +9◦46′22.0′′ 12.88 0.01 12.90 0.01 12.80 0.03 12.71 0.08
700 6h41m34.60s +9◦46′23.8′′ 11.86 0.02 11.80 0.02 11.67 0.01 11.54 0.03
701 6h41m49.90s +9◦46′16.9′′ 12.98 0.01 12.94 0.01 13.01 0.04 12.77 0.09
702 6h41m53.60s +9◦46′15.0′′ 12.97 0.01 13.04 0.01 13.04 0.04 13.12 0.09
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ID R.A. Dec. m[3.6] σ[3.6] m[4.5] σ[4.5] m[5.8] σ[5.8] m[8] σ[8]
(J2000) (J2000) (mag) (mag) (mag) (mag) (mag) (mag) (mag) (mag)
703 6h41m35.80s +9◦46′17.8′′ 12.57 0.02 12.59 0.01 12.40 0.02 12.23 0.04
704 6h41m41.60s +9◦46′13.6′′ 12.15 0.02 12.19 0.01 12.16 0.01 12.00 0.04
705 6h41m12.50s +9◦46′20.2′′ 12.71 0.01 12.75 0.01 12.64 0.02 12.59 0.07
706 6h41m24.20s +9◦46′10.4′′ 12.61 0.01 12.57 0.01 12.60 0.02 12.57 0.07
707 6h39m46.30s +9◦46′37.3′′ 12.08 0.02 12.10 0.01 12.02 0.02 11.93 0.04
708 6h40m38.10s +9◦46′8.8′′ 8.50 0.02 8.57 0.02 8.43 0.02 8.40 0.02
709 6h41m8.90s +9◦46′1.1′′ 11.35 0.02 11.47 0.02 11.42 0.01 11.46 0.02
710 6h40m43.20s +9◦46′1.7′′ 8.91 0.02 8.97 0.01 9.01 0.02 8.95 0.07
711 6h40m58.60s +9◦45′54.5′′ 12.25 0.02 12.35 0.01 12.25 0.02 12.02 0.06
712 6h41m51.30s +9◦45′32.5′′ 13.64 0.01 13.37 0.01 13.04 0.03 12.43 0.05
713 6h40m54.30s +9◦45′54.7′′ 10.14 0.02 10.21 0.02 9.91 0.01 9.94 0.05
714 6h40m59.40s +9◦45′51.7′′ 13.68 0.01 13.39 0.01 13.12 0.04 12.41 0.09
715 6h41m32.60s +9◦45′36.4′′ 11.78 0.02 11.83 0.02 11.75 0.01 11.75 0.03
716 6h39m55.30s +9◦46′14.4′′ 12.35 0.02 12.37 0.01 12.23 0.02 12.23 0.03
717 6h41m49.00s +9◦45′20.7′′ 13.27 0.01 13.26 0.01 13.22 0.03 13.09 0.07
718 6h41m58.40s +9◦45′13.8′′ 12.85 0.01 12.95 0.01 12.92 0.03 12.89 0.06
719 6h41m9.20s +9◦45′33.1′′ 11.29 0.02 11.20 0.02 11.06 0.01 10.92 0.02
720 6h41m6.80s +9◦45′33.3′′ 12.78 0.01 12.87 0.01 12.92 0.03 12.88 0.08
721 6h41m12.10s +9◦45′28.3′′ 13.65 0.01 13.30 0.01 13.02 0.03 12.63 0.07
722 6h42m0.10s +9◦45′7.2′′ 12.68 0.01 12.74 0.01 12.64 0.03 12.73 0.06
723 6h41m29.50s +9◦45′13.4′′ 11.70 0.02 11.69 0.02 11.58 0.01 11.56 0.05
724 6h41m52.00s +9◦44′59.6′′ 13.48 0.01 13.49 0.01 13.37 0.04 13.43 0.07
725 6h41m37.30s +9◦44′57.4′′ 13.03 0.01 13.01 0.01 12.97 0.03 12.91 0.06
726 6h41m23.90s +9◦44′48.7′′ 13.09 0.01 13.08 0.01 13.08 0.03 12.73 0.06
727 6h39m55.70s +9◦45′21.0′′ 13.18 0.01 13.21 0.01 13.21 0.03 13.17 0.06
728 6h41m39.10s +9◦44′33.1′′ 12.41 0.02 12.41 0.01 12.37 0.02 12.32 0.06
729 6h41m21.30s +9◦44′35.8′′ 12.77 0.01 12.73 0.01 12.61 0.02 12.98 0.07
730 6h40m41.00s +9◦44′42.9′′ 12.36 0.01 11.83 0.01 11.35 0.04 10.60 0.07
731 6h42m0.60s +9◦44′8.6′′ 13.40 0.01 13.50 0.01 13.25 0.04 13.24 0.09
732 6h41m43.20s +9◦44′13.2′′ 12.07 0.02 12.12 0.01 12.09 0.01 12.14 0.03
733 6h41m22.90s +9◦44′11.9′′ 12.46 0.02 12.66 0.01 12.41 0.02 12.37 0.04
734 6h40m12.10s +9◦44′40.5′′ 13.43 0.01 13.40 0.01 13.26 0.03 13.11 0.09
735 6h39m49.80s +9◦44′44.6′′ 10.54 0.02 10.63 0.02 10.66 0.01 10.44 0.01
736 6h41m26.50s +9◦44′6.0′′ 12.71 0.01 12.75 0.01 12.66 0.02 12.74 0.04
737 6h41m18.30s +9◦44′7.2′′ 12.48 0.02 12.17 0.01 11.80 0.01 11.00 0.01
738 6h40m18.50s +9◦44′18.3′′ 12.92 0.01 12.94 0.01 12.76 0.04 12.19 0.07
739 6h41m37.50s +9◦43′40.3′′ 10.13 0.02 10.08 0.02 10.09 0.01 10.08 0.01
740 6h41m43.00s +9◦43′32.7′′ 10.17 0.02 10.25 0.02 10.22 0.01 10.28 0.01
741 6h41m31.30s +9◦43′25.6′′ 12.90 0.01 12.63 0.01 12.32 0.03 11.56 0.04
742 6h39m56.40s +9◦43′58.5′′ 12.51 0.01 12.68 0.01 12.52 0.02 12.46 0.05
743 6h40m2.40s +9◦43′56.6′′ 12.56 0.02 12.61 0.01 12.57 0.02 12.54 0.05
744 6h41m52.10s +9◦43′9.5′′ 12.77 0.01 12.81 0.01 12.68 0.02 12.51 0.05
745 6h41m46.50s +9◦42′54.9′′ 12.83 0.01 12.85 0.01 12.79 0.02 12.76 0.05
746 6h39m50.00s +9◦43′39.0′′ 11.99 0.02 12.06 0.01 12.01 0.02 11.88 0.03
747 6h41m53.10s +9◦42′43.2′′ 11.80 0.02 11.80 0.02 11.70 0.01 11.71 0.02
748 6h41m8.60s +9◦42′51.1′′ 12.16 0.02 12.23 0.01 12.17 0.03 11.95 0.08
749 6h40m4.20s +9◦43′12.1′′ 11.97 0.02 12.01 0.01 11.89 0.01 11.98 0.03
750 6h40m39.50s +9◦42′55.9′′ 11.66 0.02 11.72 0.02 11.65 0.02 11.93 0.06
751 6h39m53.10s +9◦43′10.3′′ 12.95 0.01 13.03 0.01 13.02 0.03 13.01 0.06
752 6h40m4.00s +9◦43′4.4′′ 13.35 0.01 13.48 0.01 13.25 0.04 13.51 0.08
753 6h41m51.60s +9◦42′17.3′′ 10.55 0.02 10.56 0.02 10.46 0.01 10.39 0.01
754 6h41m49.30s +9◦42′12.4′′ 12.31 0.02 12.32 0.01 12.29 0.02 12.38 0.04
755 6h41m44.60s +9◦42′12.7′′ 12.17 0.02 12.19 0.01 12.14 0.01 12.10 0.03
756 6h39m56.90s +9◦42′54.8′′ 13.40 0.01 13.36 0.01 13.25 0.03 13.27 0.08
757 6h41m51.00s +9◦42′0.3′′ 13.33 0.01 13.34 0.01 13.39 0.04 13.31 0.07
758 6h39m55.90s +9◦42′39.6′′ 13.27 0.01 13.04 0.01 12.73 0.03 12.15 0.04
759 6h40m54.00s +9◦42′15.4′′ 11.46 0.02 11.49 0.02 11.45 0.02 11.36 0.08
760 6h41m31.10s +9◦41′57.7′′ 13.42 0.01 13.39 0.01 13.35 0.04 13.25 0.09
761 6h41m33.30s +9◦41′46.0′′ 11.81 0.02 11.88 0.02 11.84 0.01 11.74 0.03
762 6h40m8.80s +9◦42′17.6′′ 12.07 0.02 12.08 0.01 11.95 0.02 11.96 0.05
763 6h41m39.60s +9◦41′40.8′′ 11.43 0.02 11.47 0.02 11.42 0.01 11.29 0.02
764 6h42m0.30s +9◦41′30.8′′ 13.32 0.01 13.37 0.01 13.01 0.05 12.82 0.06
765 6h41m1.60s +9◦41′39.2′′ 12.60 0.02 12.59 0.01 12.50 0.02 12.65 0.06
766 6h40m11.70s +9◦41′55.5′′ 11.86 0.02 11.92 0.02 11.85 0.02 11.70 0.07
767 6h41m41.40s +9◦41′17.1′′ 12.85 0.01 12.79 0.01 12.76 0.03 12.87 0.07
768 6h40m51.40s +9◦41′21.4′′ 8.18 0.02 8.35 0.02 8.15 0.01 8.04 0.02
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769 6h41m55.90s +9◦40′46.8′′ 11.79 0.02 11.83 0.02 11.79 0.01 11.76 0.02
770 6h40m8.10s +9◦41′20.8′′ 12.07 0.02 12.02 0.01 11.95 0.02 12.06 0.04
771 6h41m42.80s +9◦40′35.8′′ 13.27 0.01 13.41 0.01 13.33 0.03 13.27 0.07
772 6h42m3.40s +9◦40′18.3′′ 11.70 0.02 11.84 0.02 11.63 0.02 11.65 0.03
773 6h40m25.90s +9◦40′55.6′′ 10.25 0.02 10.37 0.02 10.22 0.01 10.24 0.02
774 6h41m45.90s +9◦40′18.0′′ 13.33 0.01 13.42 0.01 13.53 0.04 13.47 0.06
775 6h40m20.60s +9◦40′50.1′′ 11.88 0.01 11.70 0.02 11.30 0.03 10.64 0.06
776 6h40m1.00s +9◦40′54.2′′ 10.91 0.02 11.01 0.02 10.90 0.01 10.76 0.02
777 6h40m24.10s +9◦40′37.0′′ 12.79 0.01 12.68 0.01 12.62 0.04 12.24 0.07
778 6h41m55.80s +9◦39′58.1′′ 13.01 0.01 13.00 0.01 12.95 0.03 12.91 0.06
779 6h41m58.60s +9◦39′37.0′′ 13.14 0.01 13.18 0.01 13.10 0.04 13.04 0.07
780 6h41m25.00s +9◦39′47.7′′ 12.25 0.02 12.49 0.01 12.20 0.02 12.34 0.05
781 6h41m43.60s +9◦39′41.2′′ 13.09 0.01 13.25 0.01 13.05 0.03 12.79 0.05
782 6h41m45.60s +9◦39′31.3′′ 12.67 0.01 12.68 0.01 12.64 0.03 12.77 0.05
783 6h41m50.40s +9◦39′27.4′′ 10.68 0.02 10.80 0.02 10.74 0.01 10.68 0.01
784 6h39m53.60s +9◦39′52.3′′ 12.10 0.02 12.00 0.02 12.01 0.01 12.05 0.04
785 6h41m41.40s +9◦38′48.7′′ 13.72 0.01 13.26 0.01 12.76 0.03 11.97 0.03
786 6h40m51.80s +9◦39′7.4′′ 10.79 0.02 10.85 0.02 10.87 0.01 10.88 0.03
787 6h41m31.40s +9◦38′50.2′′ 10.11 0.02 10.16 0.02 10.10 0.01 10.03 0.01
788 6h40m30.30s +9◦38′53.4′′ 10.30 0.02 10.24 0.02 10.14 0.01 10.08 0.04
789 6h41m30.40s +9◦38′29.8′′ 12.78 0.01 12.80 0.01 12.81 0.03 12.73 0.06
790 6h41m17.90s +9◦38′20.4′′ 12.47 0.01 12.33 0.01 12.17 0.02 12.12 0.08
791 6h39m49.40s +9◦38′52.6′′ 11.82 0.02 11.74 0.02 11.88 0.01 11.62 0.03
792 6h41m8.30s +9◦38′14.0′′ 12.17 0.01 12.21 0.01 12.12 0.03 11.97 0.09
793 6h41m14.60s +9◦38′6.7′′ 12.79 0.01 12.66 0.01 12.59 0.03 12.65 0.08
794 6h41m36.60s +9◦37′56.1′′ 11.45 0.02 11.51 0.02 11.40 0.02 11.36 0.07
795 6h40m6.90s +9◦38′17.3′′ 10.76 0.02 10.76 0.02 10.56 0.01 10.79 0.02
796 6h39m55.20s +9◦38′8.6′′ 11.84 0.02 11.86 0.02 11.78 0.01 11.90 0.04
797 6h41m42.10s +9◦37′0.6′′ 12.73 0.02 12.62 0.01 12.66 0.02 12.55 0.05
798 6h40m1.10s +9◦37′27.7′′ 12.96 0.01 13.05 0.01 12.95 0.03 12.92 0.06
799 6h41m31.50s +9◦36′50.3′′ 10.62 0.02 10.58 0.02 10.52 0.01 10.44 0.01
800 6h39m58.10s +9◦37′26.4′′ 10.58 0.02 10.72 0.02 10.55 0.01 10.51 0.01
801 6h40m46.70s +9◦37′6.2′′ 12.29 0.02 12.15 0.01 11.91 0.01 11.83 0.04
802 6h40m26.20s +9◦37′9.3′′ 12.74 0.01 12.51 0.01 12.13 0.02 11.33 0.04
803 6h40m1.80s +9◦37′7.8′′ 12.70 0.01 12.71 0.01 12.67 0.02 12.71 0.05
804 6h40m19.20s +9◦36′52.6′′ 9.96 0.02 10.05 0.02 9.87 0.01 9.81 0.01
805 6h40m8.80s +9◦36′46.3′′ 11.96 0.02 12.22 0.01 11.92 0.01 12.04 0.02
806 6h41m34.20s +9◦36′8.5′′ 9.60 0.02 9.72 0.02 9.45 0.02 9.39 0.01
807 6h41m22.80s +9◦36′10.8′′ 12.96 0.01 12.89 0.01 12.93 0.02 12.85 0.06
808 6h40m14.10s +9◦36′30.0′′ 11.76 0.02 11.60 0.02 11.58 0.01 11.54 0.03
809 6h40m18.10s +9◦36′24.9′′ 12.79 0.01 12.66 0.01 12.59 0.02 12.54 0.06
810 6h41m17.40s +9◦35′56.1′′ 12.61 0.01 12.51 0.01 12.40 0.02 12.69 0.07
811 6h41m40.10s +9◦35′39.5′′ 13.96 0.01 13.75 0.01 13.53 0.05 12.80 0.09
812 6h40m1.30s +9◦36′11.4′′ 11.54 0.02 11.58 0.02 11.44 0.01 11.38 0.02
813 6h39m53.30s +9◦36′10.3′′ 13.40 0.01 13.39 0.01 13.34 0.04 13.19 0.07
814 6h40m4.20s +9◦36′4.1′′ 12.38 0.02 12.49 0.01 12.47 0.02 12.43 0.03
815 6h40m19.50s +9◦35′53.5′′ 12.19 0.02 12.16 0.02 12.05 0.02 11.94 0.05
816 6h40m5.30s +9◦35′56.4′′ 11.66 0.01 11.63 0.01 11.63 0.01 11.58 0.03
817 6h40m6.30s +9◦35′56.6′′ 12.39 0.01 12.38 0.01 12.32 0.02 12.17 0.03
818 6h40m8.60s +9◦35′45.3′′ 13.82 0.01 13.75 0.01 13.77 0.04 13.57 0.07
819 6h39m56.20s +9◦35′47.5′′ 13.07 0.01 13.08 0.01 13.00 0.03 12.54 0.05
820 6h40m35.00s +9◦35′30.5′′ 10.07 0.02 9.96 0.02 9.78 0.01 9.66 0.01
821 6h41m45.40s +9◦35′0.9′′ 11.88 0.02 11.85 0.02 11.80 0.02 11.82 0.07
822 6h40m34.10s +9◦35′26.9′′ 10.62 0.02 10.56 0.02 10.38 0.01 10.38 0.03
823 6h39m55.20s +9◦35′42.4′′ 12.90 0.01 12.95 0.01 12.98 0.03 12.91 0.06
824 6h41m24.40s +9◦34′45.5′′ 10.60 0.02 10.73 0.02 10.54 0.01 10.69 0.02
825 6h41m20.90s +9◦34′45.3′′ 13.50 0.01 13.29 0.01 12.93 0.03 12.53 0.04
826 6h39m55.60s +9◦35′17.9′′ 11.30 0.02 11.33 0.02 11.26 0.01 11.23 0.03
827 6h41m59.90s +9◦34′23.3′′ 13.11 0.01 13.26 0.01 13.19 0.04 13.29 0.08
828 6h39m59.60s +9◦35′10.8′′ 11.76 0.02 11.79 0.02 11.75 0.01 11.60 0.02
829 6h40m1.60s +9◦35′5.9′′ 12.53 0.02 12.60 0.01 12.49 0.02 12.24 0.03
830 6h41m56.70s +9◦34′7.8′′ 12.68 0.02 12.85 0.01 12.71 0.02 12.74 0.03
831 6h41m47.80s +9◦34′9.4′′ 10.95 0.02 10.90 0.02 10.72 0.01 9.78 0.01
832 6h40m59.70s +9◦34′22.3′′ 13.74 0.01 13.42 0.01 12.98 0.03 12.09 0.05
833 6h41m55.30s +9◦33′57.1′′ 12.66 0.02 12.82 0.01 12.84 0.03 12.65 0.03
834 6h41m11.10s +9◦34′12.0′′ 11.75 0.01 11.42 0.01 10.81 0.02 10.01 0.03
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835 6h40m16.70s +9◦34′31.4′′ 13.60 0.01 13.55 0.01 13.57 0.05 13.19 0.09
836 6h41m41.10s +9◦33′54.5′′ 9.08 0.02 9.19 0.02 9.08 0.02 9.19 0.02
837 6h40m1.70s +9◦34′22.6′′ 13.56 0.01 13.73 0.02 13.28 0.04 13.52 0.09
838 6h41m5.60s +9◦33′54.6′′ 11.89 0.01 11.30 0.01 10.65 0.01 9.83 0.02
839 6h40m8.90s +9◦34′10.0′′ 12.84 0.01 12.90 0.01 12.76 0.02 12.99 0.05
840 6h41m7.50s +9◦33′36.6′′ 12.81 0.01 12.50 0.01 12.16 0.04 11.46 0.05
841 6h40m28.50s +9◦33′46.9′′ 11.31 0.02 11.36 0.02 11.21 0.01 11.38 0.03
842 6h41m35.90s +9◦33′21.2′′ 13.25 0.01 13.28 0.01 13.21 0.03 13.24 0.07
843 6h40m0.50s +9◦33′56.4′′ 10.98 0.02 11.07 0.02 10.99 0.01 10.97 0.02
844 6h41m39.00s +9◦33′16.4′′ 12.57 0.01 12.50 0.01 12.49 0.02 12.51 0.04
845 6h41m45.90s +9◦33′2.5′′ 9.79 0.02 9.85 0.02 9.78 0.02 9.71 0.01
846 6h41m51.80s +9◦32′56.5′′ 12.68 0.02 12.80 0.01 12.70 0.02 12.51 0.04
847 6h40m26.60s +9◦33′25.0′′ 12.91 0.01 13.18 0.01 13.01 0.03 12.98 0.07
848 6h41m50.70s +9◦32′50.7′′ 13.34 0.01 13.34 0.01 13.32 0.04 13.08 0.06
849 6h40m2.10s +9◦33′31.5′′ 12.05 0.02 12.07 0.01 12.03 0.01 12.05 0.03
850 6h41m4.10s +9◦33′1.7′′ 10.30 0.02 10.33 0.02 10.38 0.01 10.30 0.03
851 6h41m30.80s +9◦32′47.2′′ 12.88 0.01 12.89 0.01 12.87 0.03 12.66 0.04
852 6h40m46.80s +9◦32′57.6′′ 12.88 0.01 12.69 0.01 12.58 0.03 12.82 0.08
853 6h41m39.40s +9◦32′37.1′′ 13.55 0.01 13.48 0.01 13.45 0.03 13.45 0.07
854 6h40m4.90s +9◦33′12.5′′ 11.86 0.02 11.87 0.01 11.84 0.01 11.84 0.03
855 6h40m47.50s +9◦32′48.6′′ 12.60 0.01 12.49 0.01 12.34 0.03 12.19 0.08
856 6h40m31.40s +9◦32′52.6′′ 12.65 0.02 12.56 0.01 12.55 0.02 12.53 0.04
857 6h39m58.20s +9◦33′4.0′′ 12.83 0.01 12.94 0.01 12.74 0.03 12.72 0.03
858 6h40m0.80s +9◦33′0.9′′ 11.37 0.02 11.45 0.02 11.34 0.01 11.28 0.01
859 6h40m20.80s +9◦32′54.1′′ 13.30 0.01 13.26 0.01 13.12 0.03 13.07 0.06
860 6h40m5.00s +9◦32′54.5′′ 11.84 0.02 11.98 0.01 11.89 0.01 12.08 0.03
861 6h41m32.90s +9◦32′11.9′′ 11.79 0.02 11.82 0.02 11.75 0.01 11.71 0.02
862 6h41m54.00s +9◦32′3.9′′ 13.57 0.01 13.62 0.01 13.59 0.04 13.58 0.08
863 6h41m28.80s +9◦32′8.5′′ 13.39 0.01 13.30 0.01 13.25 0.03 13.20 0.08
864 6h40m27.10s +9◦32′31.0′′ 11.97 0.02 12.05 0.01 11.88 0.01 11.91 0.03
865 6h41m36.90s +9◦32′1.8′′ 12.34 0.02 12.40 0.01 12.42 0.02 12.51 0.05
866 6h41m37.30s +9◦31′57.7′′ 12.18 0.02 12.23 0.01 12.16 0.02 12.23 0.04
867 6h41m27.60s +9◦31′55.9′′ 11.70 0.02 11.80 0.02 11.74 0.02 11.60 0.04
868 6h40m7.00s +9◦32′25.2′′ 12.39 0.02 12.63 0.01 12.28 0.02 12.41 0.03
869 6h40m4.40s +9◦32′25.0′′ 11.69 0.02 11.86 0.02 11.71 0.01 11.75 0.02
870 6h41m50.40s +9◦31′39.7′′ 12.44 0.02 12.53 0.01 12.46 0.02 12.47 0.05
871 6h41m53.00s +9◦31′38.3′′ 13.37 0.01 13.40 0.01 13.44 0.04 13.36 0.09
872 6h40m56.90s +9◦31′52.8′′ 13.53 0.01 13.30 0.01 13.00 0.04 12.63 0.09
873 6h40m11.30s +9◦32′9.5′′ 13.42 0.01 13.45 0.01 13.24 0.03 13.38 0.07
874 6h40m0.90s +9◦32′8.6′′ 13.66 0.01 13.66 0.01 13.48 0.04 13.48 0.07
875 6h40m26.50s +9◦31′48.7′′ 12.91 0.01 12.92 0.01 12.79 0.02 13.07 0.06
876 6h40m55.90s +9◦31′32.7′′ 12.26 0.01 12.19 0.01 12.14 0.02 11.84 0.04
877 6h40m56.50s +9◦31′30.9′′ 12.61 0.01 12.56 0.01 12.59 0.03 12.57 0.08
878 6h40m15.60s +9◦31′43.7′′ 10.87 0.02 10.84 0.02 10.74 0.01 10.70 0.01
879 6h40m48.00s +9◦31′21.1′′ 13.02 0.01 12.84 0.01 12.91 0.03 12.99 0.08
880 6h41m8.60s +9◦31′5.9′′ 11.57 0.02 11.21 0.01 10.76 0.02 10.10 0.03
881 6h41m44.90s +9◦30′49.9′′ 12.37 0.02 12.49 0.01 12.38 0.02 12.26 0.03
882 6h39m58.60s +9◦31′31.7′′ 12.96 0.01 13.06 0.01 13.00 0.02 12.97 0.05
883 6h41m59.00s +9◦30′32.9′′ 12.08 0.02 12.18 0.01 12.18 0.02 12.19 0.04
884 6h41m44.40s +9◦30′35.1′′ 11.33 0.02 11.38 0.02 11.38 0.01 11.32 0.02
885 6h41m49.70s +9◦30′29.5′′ 9.33 0.01 9.32 0.02 9.33 0.02 9.35 0.02
886 6h40m28.10s +9◦30′57.8′′ 13.29 0.01 13.14 0.02 13.13 0.04 12.88 0.05
887 6h41m55.40s +9◦30′19.4′′ 13.46 0.01 13.53 0.01 13.46 0.04 13.45 0.06
888 6h41m51.10s +9◦30′12.8′′ 13.55 0.01 13.54 0.01 13.24 0.03 12.74 0.04
889 6h39m56.30s +9◦30′58.7′′ 11.33 0.02 11.45 0.02 11.33 0.01 11.29 0.01
890 6h41m13.40s +9◦30′23.9′′ 11.67 0.01 11.20 0.01 10.85 0.04 10.24 0.04
891 6h41m16.80s +9◦30′22.8′′ 11.59 0.02 11.15 0.02 10.62 0.01 9.93 0.04
892 6h40m42.80s +9◦30′36.5′′ 13.50 0.01 13.47 0.01 13.53 0.04 13.34 0.09
893 6h40m24.20s +9◦30′38.1′′ 9.99 0.02 9.99 0.02 9.97 0.02 9.94 0.01
894 6h41m40.10s +9◦30′7.3′′ 13.18 0.01 13.30 0.01 13.11 0.03 13.25 0.06
895 6h41m23.60s +9◦30′12.3′′ 11.75 0.02 11.65 0.02 11.47 0.01 11.45 0.08
896 6h40m53.40s +9◦30′22.5′′ 13.89 0.01 13.62 0.03 13.55 0.06 12.49 0.07
897 6h39m51.60s +9◦30′43.6′′ 11.36 0.02 11.42 0.02 11.39 0.01 11.22 0.01
898 6h41m41.40s +9◦29′57.8′′ 12.65 0.02 12.89 0.01 12.67 0.02 12.62 0.03
899 6h41m31.70s +9◦30′0.6′′ 11.80 0.02 11.85 0.02 11.79 0.01 11.71 0.03
900 6h40m28.60s +9◦30′25.4′′ 13.54 0.01 13.49 0.01 13.58 0.04 13.34 0.07
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ID R.A. Dec. m[3.6] σ[3.6] m[4.5] σ[4.5] m[5.8] σ[5.8] m[8] σ[8]
(J2000) (J2000) (mag) (mag) (mag) (mag) (mag) (mag) (mag) (mag)
901 6h40m34.60s +9◦30′20.2′′ 12.82 0.01 12.84 0.01 12.76 0.02 12.71 0.04
902 6h40m40.90s +9◦30′8.5′′ 12.30 0.02 12.33 0.01 12.38 0.02 12.14 0.03
903 6h42m0.50s +9◦29′33.3′′ 13.06 0.01 13.19 0.01 13.01 0.03 13.18 0.05
904 6h40m43.70s +9◦30′2.1′′ 13.09 0.01 13.02 0.01 12.99 0.03 13.14 0.06
905 6h40m44.70s +9◦30′0.6′′ 12.95 0.01 12.90 0.01 12.72 0.02 12.79 0.04
906 6h40m32.20s +9◦30′4.0′′ 13.87 0.01 13.85 0.01 13.75 0.05 13.63 0.09
907 6h40m30.30s +9◦30′3.8′′ 13.15 0.01 13.16 0.01 13.16 0.03 13.08 0.07
908 6h40m53.60s +9◦29′53.3′′ 13.15 0.01 12.96 0.01 12.69 0.03 12.01 0.06
909 6h41m36.80s +9◦29′34.3′′ 11.29 0.02 11.31 0.02 11.22 0.01 11.17 0.01
910 6h39m52.10s +9◦30′17.5′′ 13.64 0.01 13.67 0.01 13.65 0.04 13.31 0.07
911 6h41m51.90s +9◦29′26.8′′ 12.75 0.01 12.87 0.01 12.85 0.03 12.88 0.04
912 6h41m52.70s +9◦29′25.0′′ 10.82 0.02 10.87 0.02 10.84 0.01 10.78 0.01
913 6h40m10.40s +9◦30′0.2′′ 10.74 0.02 10.83 0.02 10.73 0.01 10.65 0.01
914 6h41m37.70s +9◦29′23.3′′ 12.81 0.01 12.87 0.01 12.83 0.03 12.74 0.04
915 6h41m46.70s +9◦29′19.2′′ 12.40 0.01 12.43 0.01 12.28 0.02 12.26 0.04
916 6h41m46.70s +9◦29′14.4′′ 11.79 0.02 11.79 0.02 11.72 0.01 11.77 0.03
917 6h40m13.80s +9◦29′55.4′′ 13.52 0.01 13.50 0.01 13.40 0.04 13.15 0.08
918 6h40m39.60s +9◦29′41.2′′ 13.24 0.01 13.19 0.01 13.21 0.04 13.21 0.06
919 6h41m45.50s +9◦29′7.5′′ 12.93 0.01 12.91 0.01 12.84 0.03 12.95 0.06
920 6h41m22.50s +9◦29′12.4′′ 11.06 0.02 11.24 0.02 11.08 0.01 11.29 0.03
921 6h41m59.90s +9◦28′53.4′′ 12.89 0.01 13.06 0.01 12.76 0.03 13.07 0.07
922 6h40m38.30s +9◦29′24.9′′ 13.86 0.01 13.60 0.02 13.34 0.04 13.20 0.05
923 6h40m40.50s +9◦29′19.3′′ 13.44 0.01 13.28 0.01 12.92 0.03 12.44 0.06
924 6h41m3.10s +9◦29′4.4′′ 12.87 0.01 12.84 0.01 12.45 0.04 11.84 0.06
925 6h40m34.60s +9◦29′14.0′′ 12.76 0.01 12.67 0.01 12.68 0.03 12.46 0.03
926 6h40m3.60s +9◦29′19.9′′ 12.16 0.02 12.28 0.01 12.11 0.02 12.05 0.03
927 6h41m37.60s +9◦28′41.0′′ 13.25 0.01 13.35 0.01 13.39 0.04 13.39 0.08
928 6h41m50.60s +9◦28′34.6′′ 12.62 0.02 12.61 0.01 12.58 0.02 12.53 0.03
929 6h41m20.70s +9◦28′44.7′′ 12.53 0.01 12.28 0.01 12.05 0.03 11.25 0.04
930 6h40m16.90s +9◦29′9.7′′ 11.80 0.02 11.89 0.01 11.89 0.02 12.04 0.06
931 6h39m55.30s +9◦29′14.8′′ 13.45 0.01 13.60 0.03 13.52 0.08 13.25 0.06
932 6h40m47.20s +9◦28′49.6′′ 10.17 0.02 10.33 0.02 10.19 0.01 10.27 0.01
933 6h39m57.40s +9◦28′56.1′′ 12.34 0.01 12.41 0.01 12.29 0.02 12.26 0.03
934 6h41m50.50s +9◦28′11.4′′ 13.17 0.01 13.20 0.01 13.23 0.03 13.13 0.08
935 6h40m54.20s +9◦28′30.3′′ 12.33 0.02 12.23 0.01 12.12 0.02 12.19 0.04
936 6h39m58.30s +9◦28′48.6′′ 13.75 0.01 13.72 0.01 13.62 0.05 12.69 0.04
937 6h41m42.50s +9◦28′1.9′′ 12.42 0.02 12.53 0.01 12.48 0.02 12.48 0.04
938 6h40m31.90s +9◦28′30.8′′ 12.58 0.02 12.54 0.01 12.53 0.02 12.49 0.04
939 6h40m38.20s +9◦28′19.3′′ 11.28 0.02 11.33 0.02 11.20 0.01 11.18 0.02
940 6h39m58.10s +9◦28′33.8′′ 11.61 0.02 11.75 0.02 11.62 0.01 11.55 0.01
941 6h40m6.30s +9◦28′28.1′′ 13.75 0.01 13.88 0.02 13.66 0.04 13.66 0.08
942 6h40m9.00s +9◦28′15.0′′ 10.98 0.02 11.30 0.02 11.02 0.01 11.12 0.01
943 6h40m29.80s +9◦28′3.5′′ 13.25 0.01 13.30 0.01 13.29 0.03 13.33 0.07
944 6h41m23.90s +9◦27′39.3′′ 11.80 0.02 11.65 0.02 11.52 0.02 11.52 0.09
945 6h41m38.00s +9◦27′34.3′′ 12.25 0.02 12.23 0.01 12.20 0.02 12.14 0.09
946 6h40m9.40s +9◦28′9.7′′ 13.49 0.01 13.58 0.01 13.49 0.05 13.22 0.08
947 6h41m13.40s +9◦27′36.1′′ 9.79 0.02 9.44 0.02 8.98 0.02 8.22 0.01
948 6h40m40.60s +9◦27′48.7′′ 10.67 0.02 10.62 0.02 10.55 0.01 10.54 0.01
949 6h40m14.10s +9◦27′57.3′′ 13.43 0.01 13.43 0.01 13.29 0.03 13.24 0.07
950 6h41m19.60s +9◦27′24.7′′ 11.39 0.02 11.41 0.02 11.42 0.01 11.54 0.04
951 6h39m49.70s +9◦27′53.9′′ 12.47 0.02 12.57 0.01 12.54 0.03 12.56 0.04
952 6h40m48.00s +9◦27′29.9′′ 12.77 0.01 12.71 0.01 12.51 0.02 12.41 0.04
953 6h41m36.80s +9◦27′5.6′′ 11.64 0.02 11.75 0.02 11.65 0.01 11.55 0.03
954 6h40m12.80s +9◦27′40.0′′ 13.09 0.01 13.06 0.01 13.01 0.03 13.14 0.09
955 6h41m31.10s +9◦27′6.4′′ 11.74 0.01 11.73 0.01 11.55 0.03 11.16 0.05
956 6h40m7.00s +9◦27′32.6′′ 12.63 0.01 12.68 0.01 12.65 0.02 12.61 0.03
957 6h39m56.60s +9◦27′32.0′′ 13.47 0.01 13.46 0.01 13.45 0.04 13.71 0.09
958 6h41m16.10s +9◦26′43.8′′ 13.18 0.01 13.09 0.01 12.77 0.03 11.96 0.05
959 6h40m32.30s +9◦26′58.8′′ 12.40 0.02 12.37 0.01 12.36 0.02 12.40 0.04
960 6h40m4.00s +9◦27′7.2′′ 12.23 0.02 12.34 0.01 12.29 0.02 12.27 0.03
961 6h39m50.90s +9◦27′11.4′′ 10.94 0.02 10.97 0.02 10.84 0.01 10.80 0.01
962 6h41m19.10s +9◦26′29.7′′ 11.65 0.02 11.62 0.02 11.38 0.01 11.03 0.03
963 6h39m50.20s +9◦27′2.5′′ 10.80 0.02 10.96 0.02 10.84 0.01 10.76 0.01
964 6h39m55.20s +9◦26′53.3′′ 12.03 0.02 12.07 0.01 12.10 0.01 11.92 0.02
965 6h40m19.70s +9◦26′40.2′′ 12.22 0.02 12.28 0.01 12.20 0.02 12.31 0.04
966 6h39m56.60s +9◦26′46.9′′ 12.32 0.02 12.37 0.01 12.35 0.02 12.32 0.03
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ID R.A. Dec. m[3.6] σ[3.6] m[4.5] σ[4.5] m[5.8] σ[5.8] m[8] σ[8]
(J2000) (J2000) (mag) (mag) (mag) (mag) (mag) (mag) (mag) (mag)
967 6h41m14.90s +9◦26′13.8′′ 13.04 0.01 12.87 0.01 12.30 0.04 11.05 0.06
968 6h41m29.50s +9◦26′3.9′′ 10.33 0.02 10.39 0.02 10.33 0.01 10.20 0.03
969 6h41m37.20s +9◦26′1.5′′ 10.64 0.02 10.80 0.02 10.66 0.01 10.87 0.04
970 6h41m16.50s +9◦26′8.5′′ 12.87 0.01 12.54 0.01 12.14 0.04 11.37 0.08
971 6h40m37.90s +9◦26′23.7′′ 13.39 0.01 13.40 0.01 13.32 0.03 13.27 0.08
972 6h41m49.00s +9◦25′53.3′′ 12.48 0.02 12.52 0.01 12.40 0.02 12.48 0.03
973 6h41m34.30s +9◦25′53.4′′ 12.46 0.02 12.55 0.01 12.46 0.02 12.38 0.05
974 6h40m45.60s +9◦26′10.1′′ 12.73 0.02 12.71 0.01 12.79 0.02 12.88 0.04
975 6h41m45.90s +9◦25′40.0′′ 12.14 0.02 12.15 0.01 12.08 0.01 12.09 0.03
976 6h40m0.60s +9◦26′21.1′′ 13.18 0.01 13.18 0.01 13.19 0.03 13.19 0.06
977 6h41m27.60s +9◦25′39.4′′ 12.22 0.02 12.22 0.01 12.14 0.02 12.02 0.05
978 6h40m4.50s +9◦26′13.1′′ 13.78 0.01 13.79 0.01 13.71 0.05 13.51 0.08
979 6h40m8.90s +9◦26′9.0′′ 13.31 0.01 13.28 0.01 13.40 0.04 13.44 0.07
980 6h40m8.30s +9◦25′58.7′′ 12.70 0.02 12.75 0.01 12.68 0.02 12.61 0.04
981 6h40m50.30s +9◦25′39.9′′ 11.75 0.02 11.87 0.02 11.78 0.01 11.93 0.06
982 6h40m20.90s +9◦25′51.3′′ 13.53 0.01 13.53 0.01 13.52 0.04 13.35 0.06
983 6h40m17.30s +9◦25′44.1′′ 12.64 0.01 12.63 0.01 12.61 0.02 12.50 0.05
984 6h41m15.40s +9◦25′17.0′′ 13.31 0.01 13.09 0.01 12.83 0.04 12.10 0.06
985 6h41m44.20s +9◦25′2.1′′ 11.71 0.02 11.60 0.02 11.38 0.01 10.99 0.03
986 6h40m34.30s +9◦25′16.9′′ 10.89 0.02 10.36 0.02 9.81 0.02 8.87 0.02
987 6h40m42.40s +9◦25′14.0′′ 10.44 0.02 10.42 0.02 10.36 0.01 10.25 0.01
988 6h40m27.70s +9◦25′18.9′′ 13.13 0.01 13.09 0.01 13.13 0.03 13.07 0.08
989 6h39m51.10s +9◦25′29.5′′ 12.90 0.01 13.03 0.01 12.96 0.03 12.90 0.04
990 6h41m49.10s +9◦24′39.5′′ 10.38 0.02 10.49 0.02 10.36 0.01 10.28 0.01
991 6h41m40.70s +9◦24′32.1′′ 11.52 0.02 11.58 0.02 11.48 0.01 11.64 0.04
992 6h40m8.80s +9◦25′8.7′′ 10.89 0.02 10.93 0.02 10.84 0.01 10.80 0.01
993 6h39m56.00s +9◦25′13.7′′ 13.81 0.01 13.86 0.01 13.99 0.05 13.76 0.09
994 6h39m52.30s +9◦25′7.2′′ 11.59 0.02 11.65 0.02 11.57 0.01 11.47 0.03
995 6h40m1.70s +9◦25′1.3′′ 13.35 0.01 13.30 0.01 13.28 0.03 13.25 0.06
996 6h40m50.30s +9◦24′35.8′′ 11.52 0.02 11.53 0.02 11.47 0.01 11.40 0.04
997 6h41m54.10s +9◦24′4.7′′ 14.04 0.01 13.99 0.02 13.39 0.04 12.67 0.06
998 6h41m55.30s +9◦23′59.0′′ 12.42 0.02 12.32 0.01 12.33 0.02 12.24 0.03
999 6h41m58.40s +9◦23′57.0′′ 12.30 0.02 12.30 0.01 12.21 0.02 12.12 0.07
1000 6h39m51.90s +9◦24′47.2′′ 13.18 0.01 13.54 0.01 13.22 0.03 13.13 0.06
1001 6h41m46.70s +9◦24′0.1′′ 12.49 0.02 12.48 0.01 12.46 0.02 12.52 0.05
1002 6h40m6.80s +9◦24′38.1′′ 12.97 0.01 13.00 0.01 12.91 0.03 12.98 0.04
1003 6h39m53.20s +9◦24′43.6′′ 13.00 0.01 13.09 0.01 13.00 0.03 12.99 0.05
1004 6h41m0.70s +9◦24′11.5′′ 10.07 0.02 10.06 0.02 10.10 0.01 10.01 0.01
1005 6h40m3.50s +9◦24′34.9′′ 13.13 0.01 13.16 0.01 12.99 0.03 13.12 0.05
1006 6h40m34.20s +9◦24′20.5′′ 13.14 0.01 13.16 0.01 13.04 0.03 13.05 0.05
1007 6h41m46.00s +9◦23′50.4′′ 11.86 0.02 11.92 0.01 11.89 0.01 11.91 0.04
1008 6h40m14.40s +9◦24′28.7′′ 13.65 0.01 13.71 0.01 13.72 0.05 13.58 0.08
1009 6h40m48.20s +9◦24′11.7′′ 9.74 0.02 9.89 0.02 9.76 0.02 9.85 0.01
1010 6h42m0.30s +9◦23′40.8′′ 12.23 0.02 11.87 0.01 11.61 0.01 11.07 0.02
1011 6h40m7.80s +9◦24′25.2′′ 13.29 0.01 13.30 0.01 13.43 0.04 13.35 0.07
1012 6h42m2.00s +9◦23′39.2′′ 12.85 0.01 12.84 0.01 12.72 0.03 12.67 0.05
1013 6h40m31.70s +9◦24′13.8′′ 13.49 0.01 13.41 0.01 13.53 0.04 13.40 0.06
1014 6h40m50.40s +9◦23′59.9′′ 13.52 0.01 13.56 0.01 13.65 0.04 13.35 0.06
1015 6h42m1.30s +9◦23′27.9′′ 11.74 0.02 11.78 0.02 11.61 0.01 11.66 0.02
1016 6h39m49.10s +9◦24′14.3′′ 12.55 0.02 12.71 0.01 12.57 0.02 12.58 0.04
1017 6h40m42.80s +9◦23′48.8′′ 12.58 0.02 12.63 0.01 12.69 0.02 12.69 0.04
1018 6h41m39.90s +9◦23′19.8′′ 13.45 0.01 13.57 0.01 13.48 0.04 13.25 0.08
1019 6h40m28.10s +9◦23′45.9′′ 13.06 0.01 13.09 0.01 12.97 0.02 13.19 0.05
1020 6h41m52.70s +9◦23′9.7′′ 13.47 0.01 13.41 0.01 13.37 0.03 13.16 0.07
1021 6h40m48.90s +9◦23′31.5′′ 12.23 0.02 12.25 0.01 12.16 0.02 12.22 0.04
1022 6h40m49.00s +9◦23′28.2′′ 12.14 0.02 12.14 0.01 12.05 0.02 12.01 0.03
1023 6h41m6.90s +9◦23′21.4′′ 10.32 0.02 10.40 0.02 10.37 0.01 10.49 0.03
1024 6h40m46.60s +9◦23′29.7′′ 13.46 0.01 13.54 0.01 13.59 0.04 13.39 0.07
1025 6h40m36.00s +9◦23′28.1′′ 12.28 0.02 12.31 0.01 12.28 0.02 12.16 0.03
1026 6h40m51.80s +9◦23′21.2′′ 11.77 0.02 11.81 0.02 11.74 0.01 11.65 0.02
1027 6h41m31.60s +9◦23′4.3′′ 13.16 0.01 12.96 0.01 12.78 0.03 12.56 0.08
1028 6h41m47.20s +9◦22′53.5′′ 13.39 0.01 13.35 0.01 13.22 0.03 13.32 0.07
1029 6h40m38.40s +9◦23′20.0′′ 13.53 0.01 13.58 0.01 13.52 0.04 13.58 0.09
1030 6h40m8.20s +9◦23′30.0′′ 13.26 0.01 13.49 0.01 13.33 0.04 13.34 0.07
1031 6h40m16.10s +9◦23′25.0′′ 12.88 0.01 12.99 0.01 12.87 0.02 12.86 0.04
1032 6h41m56.90s +9◦22′39.9′′ 13.37 0.01 13.34 0.01 13.34 0.04 13.30 0.08
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1033 6h40m31.30s +9◦23′13.6′′ 13.40 0.01 13.39 0.01 13.37 0.04 13.37 0.08
1034 6h40m33.00s +9◦23′11.3′′ 12.94 0.01 12.96 0.01 12.92 0.03 12.94 0.05
1035 6h41m44.30s +9◦22′37.9′′ 12.83 0.01 12.82 0.01 12.84 0.02 12.81 0.05
1036 6h40m35.50s +9◦23′3.2′′ 13.26 0.01 13.31 0.01 13.28 0.04 12.94 0.06
1037 6h41m53.30s +9◦22′26.1′′ 13.10 0.01 13.11 0.01 13.12 0.03 12.92 0.07
1038 6h40m17.80s +9◦23′1.6′′ 11.94 0.02 11.98 0.02 11.91 0.01 11.81 0.02
1039 6h40m36.90s +9◦22′45.0′′ 12.46 0.01 12.45 0.01 12.47 0.03 12.40 0.04
1040 6h40m45.70s +9◦22′34.6′′ 13.53 0.01 13.57 0.01 13.56 0.04 13.39 0.06
1041 6h40m59.30s +9◦22′21.7′′ 13.06 0.01 13.09 0.01 13.03 0.03 13.37 0.08
1042 6h39m51.90s +9◦22′36.8′′ 13.19 0.01 13.17 0.01 13.07 0.03 13.03 0.06
1043 6h40m56.50s +9◦22′9.8′′ 11.20 0.02 11.27 0.02 11.14 0.01 11.08 0.01
1044 6h40m27.20s +9◦22′21.2′′ 12.86 0.01 12.86 0.01 12.79 0.02 12.77 0.04
1045 6h40m1.30s +9◦22′25.2′′ 12.88 0.01 12.99 0.01 12.96 0.03 13.00 0.04
1046 6h40m10.90s +9◦22′19.3′′ 11.44 0.02 11.48 0.02 11.45 0.01 11.33 0.01
1047 6h41m53.20s +9◦21′36.9′′ 12.58 0.02 12.66 0.01 12.67 0.02 12.54 0.04
1048 6h40m20.70s +9◦22′12.7′′ 12.92 0.01 13.03 0.01 12.96 0.03 13.09 0.04
1049 6h41m27.90s +9◦21′39.7′′ 11.89 0.02 12.02 0.01 12.00 0.02 11.97 0.06
1050 6h40m39.20s +9◦21′58.6′′ 13.40 0.01 13.41 0.01 13.38 0.04 13.24 0.05
1051 6h39m47.00s +9◦22′17.4′′ 11.85 0.02 11.89 0.02 11.85 0.02 11.75 0.03
1052 6h40m21.40s +9◦21′57.8′′ 13.76 0.01 13.81 0.01 13.78 0.04 13.64 0.08
1053 6h40m24.10s +9◦21′55.3′′ 12.34 0.02 12.44 0.01 12.31 0.01 12.31 0.03
1054 6h40m5.10s +9◦22′1.3′′ 12.47 0.02 12.60 0.01 12.56 0.02 12.47 0.03
1055 6h40m6.40s +9◦21′55.2′′ 13.53 0.01 13.54 0.01 13.56 0.04 13.52 0.07
1056 6h41m39.40s +9◦21′11.9′′ 12.70 0.02 12.78 0.01 12.67 0.02 12.76 0.04
1057 6h39m55.10s +9◦21′52.5′′ 13.18 0.01 13.13 0.01 13.07 0.03 13.32 0.06
1058 6h39m56.10s +9◦21′46.3′′ 13.23 0.01 13.23 0.01 13.20 0.03 13.10 0.05
1059 6h40m30.60s +9◦21′29.7′′ 13.72 0.01 13.77 0.01 13.74 0.04 13.50 0.07
1060 6h41m37.20s +9◦20′59.9′′ 10.00 0.02 10.15 0.02 10.09 0.02 10.18 0.01
1061 6h40m15.80s +9◦21′33.3′′ 12.28 0.02 12.32 0.01 12.26 0.02 12.24 0.02
1062 6h42m0.20s +9◦20′49.1′′ 12.50 0.02 12.56 0.01 12.42 0.02 12.50 0.04
1063 6h40m56.40s +9◦21′13.8′′ 11.84 0.02 11.85 0.02 11.78 0.01 11.75 0.02
1064 6h39m58.70s +9◦21′34.7′′ 12.42 0.02 12.51 0.01 12.43 0.02 12.38 0.03
1065 6h39m59.70s +9◦21′34.0′′ 13.02 0.01 13.06 0.01 13.01 0.03 12.92 0.04
1066 6h40m11.10s +9◦21′26.9′′ 13.27 0.01 13.27 0.01 13.12 0.03 12.18 0.03
1067 6h40m1.30s +9◦21′25.6′′ 12.90 0.01 12.85 0.01 12.81 0.02 12.75 0.04
1068 6h39m55.10s +9◦21′22.0′′ 10.60 0.02 10.64 0.02 10.63 0.01 10.49 0.01
1069 6h40m39.30s +9◦21′1.8′′ 12.83 0.01 12.87 0.01 12.77 0.02 12.65 0.05
1070 6h41m58.50s +9◦20′26.8′′ 12.33 0.02 12.35 0.01 12.29 0.03 12.27 0.05
1071 6h40m11.90s +9◦21′9.8′′ 12.06 0.02 12.12 0.01 12.07 0.01 12.03 0.03
1072 6h40m51.80s +9◦20′54.4′′ 13.34 0.01 13.30 0.01 13.22 0.03 13.33 0.07
1073 6h41m4.00s +9◦20′49.0′′ 12.42 0.01 12.41 0.01 12.41 0.02 12.35 0.05
1074 6h39m59.20s +9◦21′9.3′′ 13.32 0.01 13.36 0.01 13.42 0.04 13.20 0.05
1075 6h40m27.30s +9◦20′36.8′′ 12.36 0.02 12.39 0.01 12.36 0.02 12.34 0.03
1076 6h40m0.90s +9◦20′44.5′′ 13.15 0.01 13.18 0.01 13.24 0.03 13.07 0.05
1077 6h40m3.20s +9◦20′43.3′′ 12.90 0.01 12.90 0.01 12.88 0.03 12.65 0.03
1078 6h40m19.80s +9◦20′33.7′′ 12.71 0.01 12.79 0.01 12.74 0.02 12.66 0.04
1079 6h40m11.60s +9◦20′34.5′′ 12.08 0.02 12.13 0.01 12.14 0.01 12.17 0.02
1080 6h40m51.10s +9◦20′11.0′′ 12.24 0.02 12.28 0.01 12.27 0.02 12.29 0.03
1081 6h39m45.50s +9◦20′21.8′′ 11.92 0.02 11.89 0.02 11.83 0.02 11.74 0.03
1082 6h40m2.60s +9◦20′4.3′′ 9.53 0.02 9.65 0.02 9.59 0.02 9.47 0.02
1083 6h41m47.80s +9◦19′20.7′′ 13.19 0.01 13.18 0.01 13.25 0.04 13.13 0.06
1084 6h39m52.00s +9◦20′6.3′′ 12.57 0.02 12.60 0.01 12.54 0.02 12.44 0.04
1085 6h40m14.50s +9◦19′50.9′′ 12.80 0.01 12.82 0.01 12.78 0.03 12.79 0.04
1086 6h40m1.60s +9◦19′52.7′′ 12.23 0.02 12.26 0.01 12.26 0.02 12.28 0.02
1087 6h39m49.70s +9◦19′51.8′′ 11.89 0.02 11.97 0.01 11.85 0.01 11.90 0.03
1088 6h39m53.70s +9◦19′47.9′′ 12.72 0.01 12.80 0.01 12.68 0.02 12.90 0.04
1089 6h40m3.10s +9◦19′42.4′′ 12.67 0.02 12.71 0.01 12.68 0.02 12.60 0.03
1090 6h41m32.90s +9◦19′3.7′′ 8.68 0.02 8.63 0.01 8.67 0.02 8.55 0.02
1091 6h41m12.40s +9◦19′7.8′′ 10.94 0.02 10.92 0.02 10.85 0.01 10.72 0.01
1092 6h40m34.30s +9◦19′10.8′′ 10.60 0.02 10.76 0.02 10.63 0.01 10.60 0.01
1093 6h41m1.90s +9◦18′59.2′′ 13.11 0.01 13.19 0.01 13.08 0.03 13.24 0.06
1094 6h40m14.90s +9◦19′16.5′′ 13.17 0.01 13.21 0.01 13.16 0.03 13.04 0.04
1095 6h40m13.30s +9◦19′13.9′′ 13.19 0.01 13.25 0.01 13.28 0.04 13.23 0.06
1096 6h41m36.50s +9◦18′37.5′′ 12.49 0.02 12.54 0.01 12.49 0.02 12.43 0.04
1097 6h40m29.70s +9◦18′51.9′′ 12.82 0.01 12.86 0.01 12.86 0.02 12.76 0.03
1098 6h41m25.00s +9◦18′21.4′′ 13.04 0.01 12.93 0.01 13.00 0.02 13.10 0.06
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ID R.A. Dec. m[3.6] σ[3.6] m[4.5] σ[4.5] m[5.8] σ[5.8] m[8] σ[8]
(J2000) (J2000) (mag) (mag) (mag) (mag) (mag) (mag) (mag) (mag)
1099 6h40m38.00s +9◦18′38.9′′ 12.52 0.02 12.64 0.01 12.40 0.02 12.64 0.04
1100 6h41m29.10s +9◦18′15.3′′ 12.23 0.02 12.21 0.01 12.14 0.02 11.94 0.06
1101 6h41m25.20s +9◦18′8.3′′ 12.34 0.02 12.37 0.01 12.27 0.02 12.30 0.03
1102 6h39m57.20s +9◦18′35.4′′ 13.07 0.01 13.16 0.02 13.14 0.04 13.14 0.07
1103 6h41m6.30s +9◦18′4.7′′ 11.62 0.02 11.51 0.02 11.44 0.01 11.40 0.02
1104 6h40m37.90s +9◦18′16.7′′ 13.13 0.01 13.31 0.01 13.20 0.03 13.16 0.05
1105 6h39m48.50s +9◦18′31.2′′ 12.74 0.01 12.75 0.01 12.72 0.03 12.65 0.04
1106 6h40m41.30s +9◦17′57.1′′ 11.62 0.02 11.75 0.02 11.63 0.01 11.63 0.02
1107 6h40m39.60s +9◦17′51.5′′ 12.35 0.02 12.42 0.01 12.31 0.01 12.33 0.03
1108 6h40m21.90s +9◦17′56.2′′ 12.84 0.01 12.94 0.01 12.86 0.03 12.85 0.04
1109 6h39m54.00s +9◦18′4.1′′ 10.97 0.02 11.04 0.02 10.95 0.01 10.88 0.01
1110 6h39m41.90s +9◦18′4.6′′ 12.84 0.01 12.83 0.02 12.78 0.04 12.89 0.09
1111 6h40m37.90s +9◦17′30.5′′ 12.71 0.02 12.86 0.01 12.72 0.02 12.66 0.03
1112 6h39m45.10s +9◦17′43.4′′ 13.02 0.01 13.03 0.01 13.04 0.04 13.12 0.07
1113 6h40m35.50s +9◦17′21.9′′ 12.53 0.02 12.56 0.01 12.54 0.02 12.48 0.03
1114 6h40m58.30s +9◦17′10.1′′ 12.69 0.01 12.73 0.01 12.67 0.02 12.81 0.05
1115 6h40m10.60s +9◦17′27.0′′ 12.34 0.02 12.31 0.01 12.34 0.02 12.20 0.03
1116 6h40m48.90s +9◦17′11.6′′ 12.97 0.01 12.89 0.01 12.90 0.03 12.82 0.04
1117 6h39m48.70s +9◦17′35.1′′ 12.54 0.01 12.59 0.01 12.49 0.02 12.50 0.04
1118 6h40m43.60s +9◦17′4.2′′ 12.90 0.01 12.89 0.01 12.83 0.03 12.86 0.04
1119 6h40m3.70s +9◦17′16.6′′ 12.88 0.01 12.90 0.01 13.01 0.03 12.99 0.05
1120 6h41m3.60s +9◦16′50.5′′ 12.81 0.01 12.78 0.01 12.77 0.02 12.80 0.05
1121 6h39m55.90s +9◦17′9.6′′ 10.85 0.02 10.93 0.02 10.92 0.01 10.77 0.01
1122 6h41m21.50s +9◦16′30.8′′ 12.77 0.01 12.77 0.01 12.71 0.02 12.67 0.04
1123 6h40m46.10s +9◦16′44.8′′ 13.02 0.01 13.03 0.01 13.06 0.03 13.16 0.06
1124 6h40m1.00s +9◦16′59.8′′ 13.28 0.01 13.25 0.01 13.16 0.03 13.11 0.06
1125 6h40m48.90s +9◦51′44.2′′ 0.00 0.01 6.80 0.02 6.46 0.02 5.73 0.02
1126 6h41m37.70s +9◦46′32.1′′ 11.54 0.02 11.52 0.02 11.61 0.01 11.51 0.09
1127 6h41m55.90s +9◦18′0.2′′ 10.25 0.02 10.33 0.02 10.04 0.01 10.13 0.04
1128 6h39m56.30s +9◦51′21.6′′ 12.98 0.01 13.07 0.09 13.03 0.04 12.52 0.05
1129 6h40m20.00s +9◦35′43.4′′ 12.02 0.02 12.24 0.05 12.14 0.02 12.23 0.06
1130 6h40m6.00s +9◦35′33.0′′ 12.72 0.01 12.88 0.09 12.64 0.02 12.68 0.04
1131 6h41m4.60s +9◦54′43.9′′ 8.05 0.02 7.57 0.02 7.25 0.01 6.33 0.02
1132 6h41m36.10s +9◦54′33.1′′ 9.49 0.01 9.64 0.02 9.47 0.02 9.37 0.02
1133 6h40m28.80s +9◦21′54.0′′ 8.60 0.02 8.66 0.02 8.63 0.01 8.47 0.01
1134 6h41m20.30s +10◦1′9.6′′ 8.40 0.02 8.54 0.02 8.31 0.02 8.24 0.02
1135 6h41m4.60s +10◦0′42.8′′ 12.71 0.06 12.78 0.01 12.74 0.03 12.72 0.05
1136 6h41m36.70s +9◦58′19.9′′ 9.15 0.02 9.30 0.02 9.14 0.02 9.10 0.02
1137 6h40m38.40s +9◦57′45.4′′ 7.25 0.02 7.36 0.02 7.34 0.01 7.25 0.01
1138 6h40m58.90s +9◦54′1.0′′ 10.03 0.01 9.92 0.01 9.89 0.02 9.87 0.03
1139 6h40m28.60s +9◦49′4.3′′ 8.58 0.02 8.70 0.02 8.71 0.02 8.59 0.02
1140 6h40m30.80s +9◦35′37.0′′ 9.79 0.01 9.70 0.02 9.60 0.01 9.44 0.03
1141 6h39m54.70s +9◦33′35.6′′ 10.96 0.01 10.97 0.02 10.94 0.01 10.88 0.02
1142 6h39m59.10s +9◦32′13.8′′ 11.42 0.02 11.54 0.02 11.45 0.01 11.42 0.02
1143 6h41m8.90s +9◦29′44.6′′ 9.36 0.02 8.21 0.01 7.19 0.05 6.05 0.03
1144 6h39m50.40s +9◦26′22.5′′ 8.04 0.02 8.04 0.02 7.98 0.01 7.67 0.02
1145 6h41m48.80s +9◦40′7.2′′ 12.27 0.03 12.22 0.05 12.25 0.02 12.32 0.04
1146 6h41m9.30s +9◦59′38.6′′ 6.50 0.02 6.64 0.02 6.45 0.02 6.33 0.02
1147 6h40m24.70s +9◦46′8.2′′ 6.47 0.02 6.14 0.02 5.58 0.02 4.90 0.02
1148 6h41m39.10s +9◦29′38.1′′ 9.21 0.02 9.26 0.01 9.22 0.02 9.19 0.02
1149 6h41m21.00s +9◦22′17.7′′ 9.80 0.02 9.91 0.01 9.84 0.03 9.93 0.04
1150 6h40m54.40s +9◦20′4.5′′ 10.37 0.02 10.45 0.01 10.42 0.04 10.33 0.04
1151 6h41m13.70s +9◦55′37.0′′ 14.23 0.02 14.02 0.02 13.72 0.06 13.19 0.09
1152 6h40m3.40s +9◦51′35.0′′ 11.94 0.02 11.99 0.01 11.91 0.02 11.79 0.04
1153 6h41m7.10s +9◦38′23.7′′ 14.12 0.01 13.78 0.01 13.34 0.04 12.66 0.06
1154 6h41m17.20s +9◦36′23.2′′ 13.78 0.01 13.71 0.02 13.19 0.05 13.20 0.08
1155 6h41m40.20s +9◦33′6.5′′ 13.86 0.01 13.65 0.01 13.31 0.03 12.46 0.06
1156 6h41m23.30s +9◦32′29.9′′ 14.44 0.01 13.98 0.01 13.32 0.04 12.72 0.08
1157 6h41m13.30s +9◦30′11.9′′ 10.61 0.02 10.15 0.01 9.69 0.02 9.03 0.02
1158 6h40m26.60s +9◦27′58.0′′ 13.56 0.01 13.84 0.02 13.37 0.04 13.51 0.08
1159 6h41m57.10s +9◦19′55.0′′ 12.99 0.01 12.96 0.01 12.88 0.03 13.04 0.05
1160 6h40m58.70s +9◦53′44.8′′ 5.64 0.02 5.54 0.02 5.56 0.02 5.52 0.02
1161 6h40m22.90s +10◦6′15.5′′ 11.11 0.02 11.15 0.02 11.07 0.01 11.00 0.02
1162 6h40m43.70s +10◦6′3.9′′ 12.16 0.01 12.27 0.01 12.09 0.03 12.08 0.04
1163 6h40m22.60s +10◦6′9.3′′ 11.47 0.02 11.46 0.02 11.45 0.01 11.40 0.03
1164 6h40m8.80s +10◦6′14.3′′ 11.77 0.02 11.81 0.02 11.75 0.01 11.80 0.03
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1165 6h41m15.80s +10◦5′28.3′′ 10.27 0.02 10.27 0.02 10.14 0.01 10.09 0.01
1166 6h41m12.40s +10◦5′29.6′′ 12.09 0.02 12.21 0.01 12.23 0.03 12.16 0.04
1167 6h40m15.10s +10◦5′50.8′′ 12.61 0.01 12.47 0.01 12.13 0.02 11.54 0.03
1168 6h40m34.90s +10◦5′39.8′′ 12.55 0.01 12.60 0.01 12.55 0.03 12.53 0.04
1169 6h40m23.20s +10◦5′20.1′′ 12.88 0.01 13.07 0.01 12.91 0.03 12.74 0.06
1170 6h41m38.50s +10◦4′45.9′′ 12.27 0.02 12.27 0.01 12.26 0.03 12.27 0.03
1171 6h40m24.70s +10◦5′4.3′′ 13.08 0.01 13.13 0.01 13.09 0.04 13.08 0.06
1172 6h41m47.30s +10◦4′27.5′′ 9.93 0.02 10.02 0.02 9.89 0.01 9.85 0.01
1173 6h41m36.40s +10◦4′25.3′′ 13.06 0.01 13.03 0.01 12.89 0.04 12.70 0.06
1174 6h40m15.00s +10◦4′51.4′′ 11.26 0.02 11.34 0.02 11.33 0.01 11.29 0.02
1175 6h41m44.40s +10◦4′6.4′′ 10.70 0.02 10.74 0.02 10.61 0.01 10.59 0.01
1176 6h41m21.00s +10◦4′13.5′′ 11.82 0.02 11.89 0.02 11.87 0.02 11.82 0.03
1177 6h40m41.30s +10◦4′26.1′′ 13.19 0.01 13.18 0.01 13.26 0.04 13.12 0.06
1178 6h41m5.60s +10◦4′14.5′′ 11.71 0.02 11.77 0.02 11.67 0.01 11.59 0.02
1179 6h40m32.00s +10◦4′25.6′′ 12.41 0.02 12.43 0.01 12.42 0.02 12.35 0.04
1180 6h40m35.10s +10◦4′21.7′′ 11.10 0.02 11.14 0.02 11.11 0.01 11.04 0.02
1181 6h41m37.30s +10◦3′49.6′′ 11.89 0.02 11.89 0.02 11.81 0.01 11.84 0.02
1182 6h40m19.30s +10◦4′16.8′′ 12.86 0.01 12.90 0.01 12.91 0.03 12.89 0.06
1183 6h40m9.00s +10◦4′3.7′′ 11.75 0.02 11.80 0.02 11.85 0.01 11.72 0.03
1184 6h40m27.70s +10◦3′57.7′′ 12.89 0.01 12.92 0.01 12.80 0.03 12.89 0.05
1185 6h41m11.50s +10◦3′21.7′′ 10.26 0.02 10.36 0.02 10.21 0.01 10.15 0.01
1186 6h40m42.20s +10◦3′31.1′′ 10.84 0.02 10.91 0.02 10.86 0.01 10.72 0.01
1187 6h40m58.50s +10◦3′25.0′′ 12.82 0.01 12.84 0.01 12.73 0.03 12.79 0.05
1188 6h41m55.80s +10◦2′51.6′′ 12.42 0.02 12.37 0.01 12.45 0.02 12.29 0.04
1189 6h41m51.10s +10◦1′44.1′′ 9.36 0.01 9.17 0.02 9.08 0.02 8.42 0.02
1190 6h41m8.10s +10◦1′56.0′′ 13.10 0.01 13.06 0.01 13.07 0.04 13.10 0.06
1191 6h40m17.00s +10◦2′1.2′′ 12.77 0.01 12.73 0.01 12.79 0.03 12.64 0.04
1192 6h41m46.90s +10◦1′22.9′′ 11.68 0.02 11.71 0.02 11.73 0.01 11.68 0.03
1193 6h41m47.90s +10◦1′6.6′′ 11.64 0.02 11.68 0.02 11.66 0.01 11.54 0.02
1194 6h41m5.60s +10◦1′16.4′′ 13.05 0.01 12.98 0.01 13.01 0.04 12.59 0.07
1195 6h40m8.60s +10◦1′15.9′′ 12.68 0.01 12.72 0.01 12.67 0.03 12.71 0.04
1196 6h41m42.60s +10◦0′2.6′′ 12.66 0.01 12.77 0.01 12.71 0.02 12.59 0.04
1197 6h40m14.80s +9◦58′43.9′′ 12.78 0.01 12.73 0.01 12.69 0.03 12.64 0.07
1198 6h42m4.40s +9◦56′43.5′′ 14.16 0.01 12.82 0.01 12.22 0.02 11.13 0.02
1199 6h39m47.90s +9◦57′24.5′′ 11.93 0.02 11.87 0.02 11.81 0.01 11.82 0.03
1200 6h41m7.50s +9◦56′48.5′′ 12.87 0.01 12.60 0.01 12.55 0.02 12.41 0.03
1201 6h40m23.50s +9◦56′30.2′′ 10.94 0.02 9.94 0.02 9.08 0.02 8.20 0.02
1202 6h41m1.70s +9◦55′51.4′′ 12.10 0.02 12.04 0.01 12.05 0.02 12.05 0.05
1203 6h41m14.30s +9◦54′5.1′′ 13.43 0.01 13.33 0.01 13.15 0.03 12.75 0.04
1204 6h41m5.20s +9◦53′15.6′′ 11.44 0.02 11.48 0.02 11.50 0.01 11.51 0.04
1205 6h41m7.30s +9◦49′56.6′′ 12.41 0.02 12.42 0.01 12.39 0.03 12.53 0.09
1206 6h40m30.10s +9◦49′37.9′′ 13.90 0.01 12.31 0.01 11.17 0.01 9.56 0.02
1207 6h40m58.00s +9◦46′24.9′′ 12.84 0.01 12.77 0.01 12.49 0.03 12.23 0.07
1208 6h39m49.90s +9◦46′29.9′′ 13.24 0.01 12.53 0.01 11.45 0.01 10.65 0.01
1209 6h41m17.00s +9◦44′33.8′′ 12.63 0.02 12.51 0.01 12.35 0.02 12.30 0.05
1210 6h41m42.70s +9◦42′46.2′′ 12.86 0.01 12.88 0.01 12.89 0.03 12.96 0.06
1211 6h41m42.20s +9◦42′25.1′′ 13.32 0.01 13.26 0.01 13.21 0.04 13.23 0.09
1212 6h40m58.40s +9◦37′44.1′′ 12.44 0.02 12.26 0.01 12.04 0.02 11.41 0.03
1213 6h40m49.40s +9◦36′57.2′′ 12.65 0.01 12.51 0.01 12.27 0.02 12.28 0.07
1214 6h40m50.80s +9◦36′42.4′′ 12.30 0.01 12.16 0.01 12.06 0.02 11.96 0.06
1215 6h40m9.80s +9◦36′59.5′′ 13.55 0.01 13.57 0.01 13.32 0.03 13.46 0.06
1216 6h41m11.00s +9◦36′32.0′′ 13.40 0.01 13.21 0.02 12.86 0.03 12.93 0.09
1217 6h40m59.80s +9◦36′33.2′′ 12.74 0.01 12.05 0.01 11.49 0.04 10.55 0.09
1218 6h40m31.10s +9◦34′45.3′′ 13.11 0.02 12.81 0.02 12.49 0.05 11.40 0.05
1219 6h41m10.90s +9◦34′8.0′′ 11.15 0.02 10.39 0.02 9.78 0.01 9.10 0.01
1220 6h41m7.60s +9◦30′29.1′′ 11.41 0.01 10.63 0.01 10.02 0.02 9.23 0.01
1221 6h40m53.40s +9◦30′11.5′′ 14.48 0.01 13.68 0.02 13.93 0.09 11.13 0.03
1222 6h41m17.60s +9◦29′59.1′′ 12.22 0.01 11.48 0.01 10.91 0.01 10.15 0.03
1223 6h41m20.10s +9◦28′34.6′′ 14.00 0.02 12.77 0.01 11.79 0.03 10.71 0.06
1224 6h40m24.80s +9◦28′42.4′′ 13.86 0.01 13.79 0.01 13.63 0.04 13.56 0.07
1225 6h40m20.10s +9◦28′28.4′′ 11.91 0.02 11.62 0.02 11.21 0.01 10.11 0.01
1226 6h40m14.70s +9◦28′3.8′′ 13.22 0.01 13.22 0.01 13.14 0.03 13.04 0.07
1227 6h40m24.30s +9◦27′44.4′′ 13.60 0.01 13.56 0.01 13.38 0.04 13.32 0.05
1228 6h40m59.00s +9◦26′33.7′′ 11.24 0.02 11.32 0.02 11.09 0.01 11.19 0.03
1229 6h41m17.10s +9◦26′23.8′′ 11.68 0.02 11.46 0.02 11.19 0.01 11.09 0.02
1230 6h41m2.60s +9◦25′57.3′′ 12.59 0.01 12.38 0.01 12.27 0.03 12.34 0.08
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ID R.A. Dec. m[3.6] σ[3.6] m[4.5] σ[4.5] m[5.8] σ[5.8] m[8] σ[8]
(J2000) (J2000) (mag) (mag) (mag) (mag) (mag) (mag) (mag) (mag)
1231 6h41m22.60s +9◦25′24.2′′ 12.84 0.01 12.69 0.01 12.57 0.03 12.27 0.09
1232 6h40m17.80s +9◦25′48.0′′ 12.46 0.01 12.05 0.01 11.64 0.01 11.06 0.01
1233 6h41m2.70s +9◦23′18.6′′ 12.56 0.01 12.70 0.01 12.49 0.03 12.39 0.09
1234 6h41m12.30s +9◦22′24.2′′ 11.90 0.01 11.86 0.01 11.52 0.03 10.78 0.07
1235 6h40m7.60s +9◦22′21.0′′ 12.32 0.02 12.33 0.01 12.26 0.02 12.20 0.03
1236 6h41m10.30s +9◦21′49.6′′ 11.90 0.02 11.90 0.02 11.86 0.03 11.56 0.07
1237 6h39m53.60s +9◦22′14.0′′ 9.37 0.01 9.45 0.02 9.33 0.02 9.31 0.02
1238 6h41m33.00s +9◦21′15.1′′ 12.31 0.02 12.36 0.01 12.16 0.01 12.30 0.06
1239 6h39m46.60s +9◦21′5.9′′ 12.80 0.01 12.75 0.01 12.77 0.03 12.55 0.04
1240 6h42m3.30s +9◦19′51.5′′ 12.43 0.02 12.42 0.01 12.42 0.03 12.22 0.04
1241 6h40m7.60s +9◦20′11.2′′ 11.74 0.02 11.92 0.02 11.77 0.01 11.95 0.02
1242 6h40m7.30s +9◦19′42.0′′ 12.70 0.01 12.85 0.01 12.66 0.03 12.71 0.04
1243 6h39m46.70s +9◦19′37.4′′ 11.99 0.02 12.01 0.02 11.94 0.02 11.85 0.02
1244 6h41m14.40s +9◦18′32.6′′ 11.59 0.02 11.55 0.02 11.41 0.01 11.32 0.02
1245 6h41m8.10s +9◦18′15.3′′ 11.75 0.02 11.28 0.02 10.98 0.01 9.86 0.01
1246 6h41m53.10s +9◦17′50.7′′ 12.88 0.01 12.87 0.01 12.91 0.03 12.73 0.06
1247 6h39m56.70s +9◦18′25.5′′ 8.98 0.02 9.12 0.02 8.95 0.02 8.89 0.02
1248 6h41m51.30s +9◦16′52.6′′ 12.32 0.02 12.52 0.01 12.42 0.02 12.48 0.05
1249 6h40m16.20s +9◦17′13.2′′ 11.03 0.02 11.05 0.02 11.08 0.01 10.96 0.01
1250 6h41m10.70s +9◦16′48.8′′ 12.69 0.01 12.70 0.01 12.66 0.03 12.59 0.06
1251 6h41m53.70s +9◦16′29.3′′ 13.22 0.01 13.25 0.01 13.20 0.04 13.25 0.07
1252 6h41m45.20s +9◦16′18.8′′ 12.58 0.02 12.79 0.01 12.61 0.02 12.60 0.04
1253 6h41m46.10s +9◦16′10.9′′ 12.28 0.02 12.39 0.01 12.26 0.02 12.28 0.04
1254 6h41m44.50s +9◦16′8.3′′ 13.01 0.01 13.11 0.01 12.91 0.03 12.67 0.07
1255 6h39m49.60s +9◦16′50.5′′ 12.84 0.01 12.92 0.01 12.96 0.04 12.96 0.05
1256 6h41m14.00s +9◦16′16.4′′ 13.25 0.01 13.30 0.01 13.32 0.04 13.20 0.09
1257 6h41m50.00s +9◦15′56.9′′ 10.49 0.02 10.54 0.02 10.55 0.01 10.55 0.01
1258 6h41m7.90s +9◦16′14.5′′ 13.04 0.01 13.09 0.01 13.05 0.03 13.05 0.06
1259 6h39m55.70s +9◦16′41.4′′ 11.70 0.02 11.69 0.02 11.73 0.02 11.59 0.02
1260 6h41m34.10s +9◦16′1.6′′ 12.67 0.01 12.75 0.01 12.67 0.02 12.59 0.04
1261 6h40m31.10s +9◦16′17.4′′ 12.34 0.02 12.37 0.01 12.38 0.02 12.31 0.03
1262 6h41m30.60s +9◦15′52.4′′ 13.18 0.01 13.46 0.01 13.25 0.04 13.35 0.07
1263 6h40m45.20s +9◦16′6.7′′ 12.55 0.02 12.15 0.01 11.67 0.01 10.73 0.02
1264 6h40m31.30s +9◦16′10.7′′ 13.07 0.01 13.12 0.01 13.11 0.03 13.01 0.05
1265 6h41m43.60s +9◦15′39.2′′ 12.49 0.02 12.61 0.01 12.54 0.02 12.59 0.04
1266 6h40m11.40s +9◦16′15.6′′ 13.05 0.01 13.27 0.01 13.31 0.03 13.15 0.05
1267 6h41m2.40s +9◦15′48.8′′ 12.74 0.01 12.72 0.01 12.71 0.03 12.69 0.09
1268 6h41m3.90s +9◦15′47.5′′ 12.97 0.01 12.99 0.01 12.92 0.03 12.92 0.06
1269 6h40m48.40s +9◦15′52.0′′ 13.18 0.01 13.21 0.01 13.15 0.03 12.87 0.05
1270 6h41m36.50s +9◦15′20.3′′ 12.04 0.02 12.11 0.01 12.05 0.01 11.96 0.03
1271 6h40m11.50s +9◦15′48.8′′ 11.18 0.02 11.25 0.02 11.22 0.01 11.13 0.01
1272 6h41m25.20s +9◦15′16.7′′ 11.90 0.02 11.98 0.01 11.88 0.01 11.91 0.02
1273 6h40m27.10s +9◦15′39.5′′ 13.29 0.01 13.41 0.02 13.20 0.04 13.21 0.05
1274 6h41m2.70s +9◦15′21.4′′ 10.50 0.02 10.58 0.02 10.50 0.01 10.41 0.02
1275 6h41m1.60s +9◦15′21.4′′ 9.10 0.02 9.23 0.02 9.16 0.02 9.13 0.02
1276 6h40m46.80s +9◦15′26.5′′ 12.10 0.01 12.42 0.01 12.16 0.02 12.29 0.03
1277 6h40m14.30s +9◦15′40.3′′ 13.07 0.01 13.14 0.01 13.24 0.04 13.12 0.06
1278 6h40m22.10s +9◦15′32.5′′ 13.25 0.01 13.23 0.02 13.27 0.05 13.05 0.06
1279 6h41m30.10s +9◦15′4.1′′ 12.30 0.02 12.45 0.01 12.31 0.02 12.22 0.03
1280 6h41m44.60s +9◦14′57.4′′ 11.58 0.02 11.86 0.02 11.63 0.01 11.69 0.03
1281 6h41m46.90s +9◦14′46.1′′ 8.88 0.02 9.02 0.02 8.94 0.02 8.87 0.02
1282 6h41m43.10s +9◦14′46.7′′ 10.15 0.02 10.26 0.02 10.16 0.01 10.09 0.01
1283 6h41m45.40s +9◦14′45.8′′ 12.45 0.02 12.54 0.01 12.45 0.02 12.31 0.04
1284 6h40m12.20s +9◦15′22.2′′ 11.95 0.02 12.00 0.02 11.98 0.01 11.95 0.03
1285 6h41m9.70s +9◦14′57.7′′ 11.08 0.02 11.13 0.02 11.05 0.01 11.12 0.02
1286 6h40m28.00s +9◦15′13.5′′ 10.99 0.02 11.03 0.02 10.95 0.01 10.93 0.01
1287 6h41m5.90s +9◦14′53.9′′ 11.13 0.02 11.24 0.02 11.03 0.01 11.03 0.01
1288 6h41m25.20s +9◦14′44.9′′ 11.70 0.02 11.86 0.01 11.63 0.01 11.72 0.02
1289 6h40m0.80s +9◦15′7.8′′ 10.75 0.02 10.92 0.02 10.75 0.01 10.71 0.01
1290 6h40m48.40s +9◦14′45.8′′ 12.49 0.02 12.58 0.01 12.54 0.02 12.77 0.06
1291 6h41m10.10s +9◦14′32.7′′ 11.57 0.02 11.68 0.02 11.67 0.01 11.68 0.02
1292 6h41m50.20s +9◦14′14.1′′ 12.57 0.01 12.54 0.01 12.57 0.02 12.60 0.05
1293 6h41m29.50s +9◦14′12.7′′ 11.69 0.02 11.75 0.02 11.75 0.01 11.73 0.03
1294 6h40m44.50s +9◦14′20.9′′ 11.46 0.02 11.46 0.02 11.42 0.01 11.42 0.02
1295 6h40m38.40s +9◦14′21.2′′ 12.37 0.02 12.47 0.01 12.30 0.02 12.11 0.08
1296 6h40m25.00s +9◦14′14.4′′ 13.12 0.01 13.11 0.01 13.03 0.03 13.08 0.06
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1297 6h41m0.10s +9◦13′58.0′′ 12.58 0.01 12.57 0.01 12.49 0.03 12.47 0.06
1298 6h41m6.70s +9◦13′51.8′′ 12.58 0.02 12.68 0.01 12.70 0.02 12.76 0.05
1299 6h40m52.10s +9◦13′54.2′′ 10.08 0.02 10.20 0.02 10.11 0.01 10.14 0.01
1300 6h41m42.70s +9◦13′28.3′′ 12.68 0.02 12.63 0.01 12.60 0.02 12.44 0.04
1301 6h41m23.20s +9◦13′33.9′′ 13.07 0.01 13.00 0.01 13.00 0.04 12.94 0.07
1302 6h40m8.90s +9◦14′2.8′′ 13.06 0.01 13.26 0.01 12.93 0.03 13.28 0.07
1303 6h39m57.40s +9◦13′59.4′′ 11.38 0.02 11.52 0.02 11.47 0.01 11.53 0.02
1304 6h40m29.00s +9◦13′46.8′′ 13.15 0.01 13.22 0.01 13.08 0.04 13.16 0.06
1305 6h40m12.20s +9◦13′52.0′′ 11.78 0.02 11.81 0.02 11.74 0.01 11.75 0.03
1306 6h40m54.90s +9◦13′34.4′′ 11.49 0.02 11.50 0.02 11.43 0.01 11.58 0.02
1307 6h40m4.80s +9◦13′54.5′′ 12.38 0.02 12.43 0.01 12.37 0.02 12.29 0.04
1308 6h40m37.60s +9◦13′38.0′′ 12.80 0.01 12.91 0.01 12.67 0.02 12.74 0.04
1309 6h40m30.30s +9◦13′33.0′′ 11.45 0.02 11.53 0.02 11.55 0.01 11.49 0.02
1310 6h41m39.90s +9◦12′53.9′′ 12.79 0.01 12.76 0.01 12.72 0.03 12.78 0.05
1311 6h40m59.70s +9◦13′6.0′′ 8.52 0.02 8.61 0.02 8.49 0.02 8.45 0.02
1312 6h41m7.60s +9◦12′59.1′′ 12.92 0.01 12.88 0.01 12.88 0.02 13.02 0.06
1313 6h41m18.70s +9◦12′49.6′′ 8.81 0.02 8.97 0.01 8.86 0.02 8.87 0.02
1314 6h39m59.00s +9◦13′14.5′′ 11.22 0.02 11.32 0.02 11.19 0.01 11.23 0.02
1315 6h40m55.70s +9◦12′51.4′′ 12.96 0.01 12.94 0.01 12.95 0.03 12.85 0.05
1316 6h41m12.30s +9◦12′39.7′′ 13.23 0.01 13.18 0.01 13.20 0.04 13.06 0.07
1317 6h41m39.00s +9◦12′21.9′′ 11.58 0.02 11.58 0.02 11.59 0.01 11.55 0.03
1318 6h40m11.70s +9◦12′56.3′′ 12.93 0.01 12.75 0.01 12.70 0.02 12.55 0.04
1319 6h39m51.00s +9◦13′4.0′′ 13.06 0.01 13.11 0.01 12.92 0.04 12.99 0.06
1320 6h41m5.40s +9◦12′33.8′′ 12.30 0.02 12.33 0.01 12.22 0.02 12.10 0.05
1321 6h40m14.00s +9◦12′53.6′′ 12.36 0.02 12.34 0.01 12.23 0.02 12.29 0.04
1322 6h40m50.70s +9◦12′36.2′′ 12.77 0.01 12.80 0.01 12.78 0.03 12.75 0.07
1323 6h40m59.90s +9◦12′31.6′′ 11.23 0.02 11.30 0.02 11.23 0.01 11.10 0.01
1324 6h40m55.70s +9◦12′32.0′′ 13.07 0.01 13.09 0.01 13.00 0.03 13.20 0.05
1325 6h39m57.60s +9◦12′49.1′′ 12.44 0.02 12.51 0.01 12.38 0.02 12.38 0.04
1326 6h40m35.60s +9◦12′34.9′′ 13.04 0.01 13.18 0.01 13.05 0.03 13.06 0.08
1327 6h41m38.30s +9◦12′7.5′′ 12.67 0.02 12.75 0.01 12.72 0.03 12.66 0.05
1328 6h41m51.60s +9◦11′59.3′′ 8.18 0.02 8.24 0.02 8.29 0.02 8.21 0.02
1329 6h40m10.40s +9◦12′39.1′′ 11.41 0.02 11.42 0.02 11.31 0.01 11.27 0.02
1330 6h40m57.00s +9◦12′16.7′′ 12.96 0.01 13.04 0.01 12.93 0.03 13.08 0.07
1331 6h41m4.70s +9◦12′9.1′′ 12.73 0.01 12.72 0.01 12.68 0.03 12.72 0.05
1332 6h41m5.10s +9◦12′2.0′′ 12.13 0.02 12.17 0.01 12.14 0.02 12.15 0.04
1333 6h41m24.30s +9◦11′53.2′′ 11.47 0.02 11.46 0.02 11.48 0.01 11.47 0.02
1334 6h41m30.30s +9◦11′44.3′′ 12.82 0.01 12.86 0.01 12.90 0.03 12.86 0.05
1335 6h40m23.40s +9◦12′9.6′′ 12.68 0.01 12.69 0.01 12.67 0.03 12.59 0.04
1336 6h40m25.30s +9◦12′7.2′′ 12.00 0.02 12.05 0.01 11.95 0.02 11.93 0.03
1337 6h40m31.10s +9◦11′58.9′′ 12.73 0.01 12.77 0.01 12.85 0.03 12.89 0.06
1338 6h40m21.50s +9◦12′1.0′′ 12.92 0.01 12.90 0.01 12.86 0.03 12.98 0.07
1339 6h40m34.20s +9◦11′55.2′′ 13.05 0.01 13.16 0.01 12.78 0.03 13.19 0.08
1340 6h41m29.30s +9◦11′29.5′′ 12.33 0.02 12.43 0.01 12.37 0.02 12.38 0.04
1341 6h41m1.20s +9◦11′33.8′′ 12.24 0.02 12.27 0.01 12.28 0.02 12.24 0.04
1342 6h41m11.30s +9◦11′16.3′′ 10.13 0.02 10.21 0.02 10.22 0.01 10.16 0.01
1343 6h40m30.10s +9◦11′32.6′′ 13.28 0.01 13.23 0.01 13.24 0.04 12.97 0.07
1344 6h40m57.70s +9◦11′20.4′′ 10.74 0.02 10.87 0.02 10.80 0.01 10.68 0.02
1345 6h40m7.70s +9◦11′33.9′′ 13.12 0.01 13.10 0.01 13.07 0.03 13.04 0.06
1346 6h41m28.60s +9◦11′0.1′′ 13.03 0.01 13.09 0.01 13.18 0.04 13.03 0.07
1347 6h41m49.30s +9◦10′48.2′′ 11.42 0.02 11.56 0.02 11.46 0.01 11.49 0.02
1348 6h40m24.90s +9◦11′19.7′′ 12.37 0.02 12.36 0.01 12.31 0.02 12.28 0.04
1349 6h40m51.30s +9◦11′3.2′′ 12.61 0.01 12.64 0.01 12.61 0.03 12.40 0.09
1350 6h39m58.50s +9◦11′20.4′′ 12.84 0.01 12.85 0.01 12.82 0.03 12.31 0.03
1351 6h40m8.10s +9◦11′17.2′′ 12.79 0.01 12.77 0.01 12.79 0.03 12.73 0.06
1352 6h40m41.20s +9◦10′58.8′′ 10.89 0.02 10.92 0.02 10.88 0.01 10.76 0.01
1353 6h40m35.00s +9◦10′59.4′′ 12.06 0.02 12.14 0.02 12.08 0.02 11.99 0.03
1354 6h40m59.50s +9◦10′49.2′′ 12.59 0.01 12.69 0.01 12.71 0.03 12.69 0.05
1355 6h40m19.60s +9◦11′0.2′′ 12.93 0.01 12.89 0.01 12.91 0.03 12.90 0.05
1356 6h41m14.00s +9◦10′34.0′′ 11.01 0.02 11.07 0.02 11.05 0.01 11.00 0.01
1357 6h40m27.50s +9◦10′45.9′′ 12.17 0.02 12.21 0.01 12.08 0.02 12.19 0.03
1358 6h40m18.50s +9◦10′37.6′′ 8.77 0.02 8.75 0.01 8.68 0.02 8.60 0.02
1359 6h41m33.90s +9◦9′54.6′′ 11.93 0.02 11.98 0.02 11.91 0.01 12.00 0.03
1360 6h40m12.60s +9◦10′16.8′′ 9.70 0.02 9.78 0.02 9.77 0.02 9.70 0.01
1361 6h41m10.50s +9◦9′43.2′′ 13.02 0.01 13.12 0.01 13.01 0.03 12.93 0.05
1362 6h41m13.80s +9◦9′40.6′′ 11.50 0.02 11.58 0.02 11.55 0.01 11.49 0.02
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1363 6h40m45.80s +9◦9′44.1′′ 12.42 0.01 12.40 0.01 12.38 0.03 12.27 0.09
1364 6h40m54.50s +9◦9′32.1′′ 11.20 0.02 11.23 0.02 11.18 0.01 11.22 0.04
1365 6h41m37.30s +9◦9′10.0′′ 13.04 0.01 13.14 0.01 13.04 0.04 13.22 0.09
1366 6h40m52.10s +9◦9′24.8′′ 11.97 0.02 11.94 0.01 11.88 0.02 11.85 0.09
1367 6h41m29.30s +9◦9′9.1′′ 12.83 0.01 12.80 0.01 12.84 0.03 12.76 0.05
1368 6h40m19.50s +9◦9′26.3′′ 11.19 0.02 11.22 0.02 11.08 0.01 11.08 0.02
1369 6h41m19.40s +9◦9′0.6′′ 11.09 0.02 11.16 0.02 11.03 0.01 11.06 0.01
1370 6h40m14.70s +9◦9′25.1′′ 12.62 0.02 12.59 0.01 12.43 0.02 12.37 0.06
1371 6h40m57.00s +9◦9′1.6′′ 8.44 0.02 8.57 0.01 8.41 0.02 8.37 0.01
1372 6h41m33.90s +9◦8′40.1′′ 11.90 0.02 11.92 0.02 11.84 0.02 11.81 0.03
1373 6h40m6.10s +9◦9′4.7′′ 11.03 0.02 11.00 0.02 10.98 0.01 10.94 0.03
1374 6h41m30.10s +9◦8′25.2′′ 13.01 0.01 13.06 0.01 13.05 0.05 12.92 0.06
1375 6h41m5.20s +9◦8′29.8′′ 13.11 0.01 13.13 0.01 13.22 0.05 13.03 0.07
1376 6h40m47.20s +9◦8′21.2′′ 12.05 0.02 12.02 0.01 11.98 0.02 12.06 0.05
1377 6h40m57.80s +9◦8′12.2′′ 11.65 0.02 11.62 0.02 11.71 0.02 11.69 0.04
1378 6h40m29.80s +9◦25′49.5′′ 13.00 0.01 12.09 0.05 11.25 0.01 10.38 0.01
1379 6h41m42.00s +9◦14′39.2′′ 12.12 0.02 12.19 0.07 12.16 0.02 12.16 0.04
1380 6h41m44.60s +9◦13′36.8′′ 12.11 0.02 12.31 0.07 12.16 0.02 11.97 0.03
1381 6h40m10.10s +9◦12′32.5′′ 11.86 0.02 12.13 0.08 12.06 0.01 11.86 0.04
1382 6h40m46.30s +9◦11′0.9′′ 11.49 0.02 11.53 0.04 11.57 0.01 11.50 0.02
1383 6h40m48.00s +9◦8′41.2′′ 7.81 0.02 7.90 0.02 7.75 0.01 7.68 0.02
1384 6h41m43.40s +9◦27′0.3′′ 10.45 0.02 10.45 0.02 10.38 0.05 10.34 0.04
1385 6h40m31.10s +10◦3′52.0′′ 11.12 0.02 11.16 0.02 11.09 0.01 11.05 0.02
1386 6h40m14.60s +10◦3′45.3′′ 8.05 0.02 8.09 0.02 8.09 0.01 7.99 0.02
1387 6h41m0.20s +9◦52′14.9′′ 11.60 0.03 11.47 0.01 11.03 0.02 10.48 0.04
1388 6h41m16.20s +9◦27′10.6′′ 11.26 0.01 10.44 0.02 9.64 0.01 8.57 0.01
1389 6h39m51.50s +9◦16′33.7′′ 11.51 0.02 11.56 0.01 11.58 0.04 11.46 0.03
1390 6h41m22.00s +9◦12′11.6′′ 8.34 0.02 8.55 0.01 8.36 0.02 8.28 0.02
1391 6h41m51.10s +9◦12′19.8′′ 7.36 0.02 7.81 0.02 7.46 0.01 7.58 0.02
1392 6h41m43.50s +10◦2′4.2′′ 5.84 0.02 5.96 0.02 5.93 0.02 5.81 0.02
1393 6h40m39.30s +9◦48′6.2′′ 11.08 0.01 10.72 0.02 10.19 0.02 9.29 0.07
1394 6h40m56.70s +9◦10′58.7′′ 6.95 0.02 7.23 0.02 7.06 0.01 6.96 0.01
1395 6h41m46.80s +9◦16′32.2′′ 8.76 0.02 8.82 0.01 8.72 0.01 8.60 0.01
1396 6h39m50.80s +9◦15′13.3′′ 9.60 0.02 9.69 0.01 9.63 0.04 9.61 0.03
1397 6h39m57.20s +9◦12′26.8′′ 8.68 0.02 8.80 0.01 8.65 0.01 8.54 0.01
1398 6h41m57.80s +10◦3′34.3′′ 13.00 0.01 12.98 0.01 12.88 0.04 13.01 0.09
1399 6h41m16.50s +9◦57′37.5′′ 13.58 0.01 13.55 0.01 13.55 0.04 13.52 0.06
1400 6h41m19.40s +9◦56′33.8′′ 14.06 0.02 14.03 0.03 13.69 0.06 13.44 0.09
1401 6h41m3.10s +9◦50′46.0′′ 14.28 0.02 14.21 0.03 13.13 0.07 11.29 0.06
1402 6h41m3.10s +9◦35′45.2′′ 10.95 0.01 10.37 0.02 9.68 0.04 8.65 0.07
1403 6h40m7.30s +9◦18′1.7′′ 5.18 0.02 5.01 0.02 4.86 0.02 4.86 0.02
Appendix B
Atlas of spectral energy distributions
Figure B.1: Grid of SEDs of the sources in the IRAC sample. The ID and αIRAC
is displayed for each SED, along with an indication if the source is an X-ray emitter,
its heliocentric radial velocity (RV), Li equivalent width (W(Li)), Hα equivalent width
(W(Hα)), and spectral type (SpT), when available. The spectral type coding system
used is explained in § 6.2.2, Table 6.3. The SEDs of sources with published spectral types
have been fitted with reddened synthetic photospheres (overplotted in gray), and the
visual extinction of the fit is also indicated in gray. The photosphere fitting procedure is
explained in § 6.2.1.
141
142 APPENDIX B. ATLAS OF SPECTRAL ENERGY DISTRIBUTIONS
Figure B.1: continued
143
Figure B.1: continued
144 APPENDIX B. ATLAS OF SPECTRAL ENERGY DISTRIBUTIONS
Figure B.1: continued
145
Figure B.1: continued
146 APPENDIX B. ATLAS OF SPECTRAL ENERGY DISTRIBUTIONS
Figure B.1: continued
147
Figure B.1: continued
148 APPENDIX B. ATLAS OF SPECTRAL ENERGY DISTRIBUTIONS
Figure B.1: continued
149
Figure B.1: continued
150 APPENDIX B. ATLAS OF SPECTRAL ENERGY DISTRIBUTIONS
Figure B.1: continued
151
Figure B.1: continued
152 APPENDIX B. ATLAS OF SPECTRAL ENERGY DISTRIBUTIONS
Figure B.1: continued
153
Figure B.1: continued
154 APPENDIX B. ATLAS OF SPECTRAL ENERGY DISTRIBUTIONS
Figure B.1: continued
155
Figure B.1: continued
156 APPENDIX B. ATLAS OF SPECTRAL ENERGY DISTRIBUTIONS
Figure B.1: continued
157
Figure B.1: continued
158 APPENDIX B. ATLAS OF SPECTRAL ENERGY DISTRIBUTIONS
Figure B.1: continued
159
Figure B.1: continued
160 APPENDIX B. ATLAS OF SPECTRAL ENERGY DISTRIBUTIONS
Figure B.1: continued
161
Figure B.1: continued
162 APPENDIX B. ATLAS OF SPECTRAL ENERGY DISTRIBUTIONS
Figure B.1: continued
163
Figure B.1: continued
164 APPENDIX B. ATLAS OF SPECTRAL ENERGY DISTRIBUTIONS
Figure B.1: continued
165
Figure B.1: continued
166 APPENDIX B. ATLAS OF SPECTRAL ENERGY DISTRIBUTIONS
Figure B.1: continued
167
Figure B.1: continued
168 APPENDIX B. ATLAS OF SPECTRAL ENERGY DISTRIBUTIONS
Figure B.1: continued
169
Figure B.1: continued
170 APPENDIX B. ATLAS OF SPECTRAL ENERGY DISTRIBUTIONS
Figure B.1: continued
Appendix C
Derivation of σλFλ
The error associated with the flux density, given by Equation 6.6, is determined by deriving
the flux density (given by Equation 6.5) with respect to the magnitude and the flux density
zero point, following standard error propagation analysis (for uncorrelated variables):
σ2Fλ =
(
∂Fλ
∂m
)2
σ2m +
(
∂Fλ
∂Fλ,0
)2
σ2Fλ,0 (C.1)
The partial derivatives are given by:
∂Fλ
∂m
=
∂
∂m
(
Fλ,0
10m/2.5
)
= Fλ,0
∂
∂m
(10−m/2.5) = Fλ,010−m/2.5ln(10)
∂
∂m
(
− m
2.5
)
⇔ (C.2)
⇔ ∂Fλ
∂m
= Fλln(10)
∂
∂m
(
− m
2.5
)
= −Fλln(10)
2.5
and
∂Fλ
∂Fλ,0
=
∂
∂Fλ,0
(
Fλ,0
10m/2.5
)
= 10−m/2.5 (C.3)
so that we finally get:
σ2Fλ =
(
Fλln(10)
2.5
σm
)2
+ (10−0.4mσFλ,0)
2 = (Fλln(10
0.4σm))2 + (10−0.4mσFλ,0)2
σFλ =
√
F 2λ ln
2(100.4σm) + 10−0.8mσ2Fλ,0 (C.4)
The error associated with the flux, λFλ, has an additional extra term that results from
the error in λ, σλ:
σ2λFλ =
(
∂(λFλ)
∂m
)2
σ2m +
(
∂(λFλ)
∂Fλ,0
)2
σ2Fλ,0 +
(
∂(λFλ)
∂λ
)2
σ2λ (C.5)
however, the last term may be ignored because the contribution of σλ is negligible when
compared to the other terms. The flux error is this given by:
σλFλ = λ
√
F 2λ ln
2(100.4σm) + 10−0.8mσ2Fλ,0 . (C.6)
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Appendix D
The reddening law for NIR+IRAC
The work presented in this dissertation made use of the NIR reddening law from Cardelli
et al. (1989):
Aλ
AV
= a(x) +
b(x)
RV
, where RV is 3.1 and x = 1/λ (D.1)
and where the coefficients a(x) and b(x), for J , H, and Ks are given by:
a(x) = 0.574x1.61 and b(x) = −0.527x1.61, (D.2)
which leads to:
AJ
AV
= 0.288,
AH
AV
= 0.178, and
AKs
AV
= 0.117. (D.3)
Indebetouw et al. (2005) found the following reddening law (recommended for use between
1.25µm and 7.75µm):
log
(
Aλ
AK
)
= 0.61(±0.04)− 2.22(±0.17)log(λ) + 1.21(±0.23)log2(λ) (D.4)
which in can also be written as:
A[3.6]
AKs
= 0.57,
A[4.5]
AKs
= 0.47,
A[5.8]
AKs
= 0.42, and
A[8]
AKs
= 0.39. (D.5)
or in terms of color excess rations, as:
E(J −H)
E(H −Ks) =
(
AJ
AV
− AH
AV
)(
AH
AV
− AKs
AV
)−1
= 1.78 (D.6)
E(J −H)
E(Ks − [3.6]) =
AJ
AV
− AH
AV
AKs
AV
− A[3.6]
AV
=
AJ
AV
− AH
AV
AKs
AV
(
1− A[3.6]
AKs
) = 2.16
E(J −H)
E(Ks − [4.5]) =
AJ
AV
− AH
AV
AKs
AV
− A[4.5]
AV
=
AJ
AV
− AH
AV
AKs
AV
(
1− A[4.5]
AKs
) = 1.77
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E(J −H)
E(Ks − [5.8]) =
AJ
AV
− AH
AV
AKs
AV
− A[5.8]
AV
=
AJ
AV
− AH
AV
AKs
AV
(
1− A[5.8]
AKs
) = 1.62
E(J −H)
E(Ks − [8]) =
AJ
AV
− AH
AV
AKs
AV
− A[8]
AV
=
AJ
AV
− AH
AV
AKs
AV
(
1− A[8]
AKs
) = 1.54
Appendix E
Derivation of the scaling factor s
To determine the scaling factor s, used in the SED fitting presented in Appendix §B, it
is necessary to first calculate the derivative of Equation 6.9: :
∂χ2
∂s
=
∂
∂s
Nfilters∑
i=1
(λiF
data
λi − sλiF red modelλi )2
σ2i
=
Nfilters∑
i=1
∂
∂s
(λiF
data
λi − sλiF red modelλi )2
σ2i
=
(E.1)
=
Nfilters∑
i=1
2
σ2i
(λiF
data
λi − sλiF red modelλi )(−λiF red modelλi )⇔
⇔ ∂χ
2
∂s
= 2s
Nfilters∑
i=1
(λiF
red model
λi )
2
σ2i
− 2
Nfilters∑
i=1
λ2iF
data
λi F
red model
λi
σ2i
The next step is the minimization of the derivative by using Equation 6.10, i.e.,
∂χ2/∂s = 0 :
2s
Nfilters∑
i=1
(λiF
red model
λi )
2
σ2i
= 2
Nfilters∑
i=1
λ2iF
data
λi F
red model
λi
σ2i
(E.2)
which gives the factor s of Equation 6.11:
s =
∑Nfilters
i=1 (λ
2
iF
data
λi F
red model
λi )/σ
2
i∑Nfilters
i=1 (λiF
red model
λi )
2/σ2i
. (E.3)
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